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The Purpose of This Issue 


HIS special Mid-May issue of MECHANICAL ENGINEERING brings advance information 

about the Program of the Spring Meeting of the A.S.M.E. at White Sulphur Springs, W. Va., 
together with the text of a number of complete papers and synopses of others that are available 
in pamphlet form. Copies of the latter may be obtained by filling in the form on page 591. 
This supplement, however, should be brought to the Meeting, as copies of the papers appearing 
in it will not be available for free distribution. However, additional copies of the supplement 
may be purchased at the Meeting. 

It is the purpose of this issue to make available to the members of the A.S.M.E. information 
regarding the papers that are to be presented, so that discussion at the Meeting will be well 
considered and thoughtfully prepared. For an author to read a technical paper from beginning 
to end at a meeting is a waste of valuable time, for the audience is seldom able to evaluate state- 
ments that are made and compare them with their own experience. 

It has been the effort of the Committee on Meetings and Program to stimulate discussion at 
the meetings of the Society, knowing that a spirited discussion insures an interesting meeting. 
A paper which has been subjected to public criticism or augmented by corroboratory informa- 
tion is, when properly recorded, of much greater value as a part of the permanent literature of 
mechanical engineering than a spiritless or an uncriticized contribution. In some cases the 
discussion may be of even greater value than the paper. From its value in instilling interest 
in the meeting and from its effect on the record of the meeting, discussion is therefore vitally 
essential. The Committee on Meetings and Program and the Committee on Publications have 
codperated in this procedure for presenting and issuing papers for the Spring Meeting at White 
Sulphur Springs. 


The Spring Meeting at White Sulphur 


HITE Sulphur Springs, W. Va., far removed from the sights and sounds of any industrial 
activity, a famous pleasure resort and one of the most beautiful spots in America, has 
been chosen for the 1927 Spring Meeting of The American Society of Mechanical Engineers. 
The activities of this resort all center around the Greenbrier and Cottages located upon a vast 
estate in the Greenbrier Mountains, 2000 feet above sea level. This hotel with its unusual 
facilities for the technical sessions and for social and sport events will be at the full disposal of 
the A.S.M.E. members and their families during the Meeting. 
The Program for the Meeting is on the opposite page. The current issues of the A.S.M.E. 
NEWS are giving particulars of the many interesting events to be held during the four days 
of the meeting. 
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Spring Meeting Program 


Greenbrier Hotel, White Sulphur Springs, W. Va., May 23 to 26, 1927 


Monday, May 23 


Vorning 
Council Meeting 


Afternoon: 


Council Meeting 
Business Meeting, 1:30 p.m 


Afternoon: Simultaneous Sessions: 2:30 P.M 


Education and Training for the Industries 
The General Motors Institute of Technology, ALBERT SOBE\ 
A Description of the Henry Ford Trade School, F. E. SEARLE 
\ Uniform Apprenticeship Certificate for Coéperating Groups of Em 
ployers, WILLIAM S. CONANT 


Central Station Power 
High-Pressure Steam at Edgar Station, Boston, I. KE. Mou.trop and 
E. W. Norris. 
High Steam Pressure and Temperature at Crawford Avenue Station, 
A. D. BAILEY 
Strength of Pipe Flanges, E. O. Waters and J. HALL TAYLor 


Tuesday, May 24 


Morning: Simultaneous Sessions: 9:30 A.M 


Fuels 
Economics of Coal Carbonization in the United States, Geo. A 
ORROK 
Management 
Accident and Production, L. W. WALLACE 


Wood Industries 
(Jointly with Materials Handling Division) 
Material Handling Between the Stump and the Board, L. C. BELL. 
Design of Motor-Bus Bodies, L. C. Josepns, Jr. 


Conference Local Sections Delegates: 10 A.M 


Wednesday, May 25 


Morning: Simultaneous Sessions: 9:30 A.M 


5S 


Hydraulic 


Rock Structure and Headgates of Cedar Creek Hydroelectric Station, 


W. S. LEE 
Specific Characteristics for Hydraulic Turbines, ARNOLD PFAU 


Comparison and Limitations of Various Water-Hammer Theories, 


R.S. Quick 
Progress Report of Hydraulic Division 
Machine Shop Practice 


Hysteresis Relative to the Operation of Mechanical Springs, J. K 
Woo 


D 
Arc Welding, J. F. Lincoun 


Vibration of Frames of Electrical Machines, J. P. DEN Hartoc (by 


title) 


Oil and Gas Power 

Study of Oil Sprays for Fuel-Injection Engines by Means of High- 
Speed Motion Pictures, E. G. BEARDSLEY. 

Experimental Combustion Chambers Designed for High-Speed Diesel 
Engines, C. KEMPER 

Some Uses of the High-Speed Multi-Cylinder Indicator, H. M. JACKLIN 

Range of Severity of Torsional Vibration in Diesel Engines, F. P. 
PoRTER (by title) 


Thursday, May 26 


Morning: Simultaneous Sessions: 9:30 A.M. 


Railroad 
High Steam Pressures in Locomotive Cylinders, L. H. Fry 
Diesel Traction for Railroads, WM. ARTHUR 
Industrial Power 
Management of Industrial Power, Engineer’s Viewpoint, H. F. Scott 


Management of Industrial Power, Manager’s Viewpoint. (Author to 


_ be announced.) 
Evaporators for Boiler Feed Make-Up Water, W. L. BADGER 


Materials Handling 


The Relation of Building Design to the Manufacturing Process, CHas. 
P. Woop 

Actual Layout of a Building Around a Materials-Handling Installation. 
(Author to be announced 


Entertainment Events 


Monday, May 23 Evening: 


ao 
, 


Moving pictures 
Dancing. 


Tuesday, May 24, Afternoon: 
Golf and Tennis Tournaments. Motor Drive and Tea for the Ladies. 
Even ing: 


Bridge Tournament simultaneous with movies, followed by dancing. 


Wednesday, May 25, Afternoon: 
Ball game between A.S.M.E. and A.S.R.E. 
Golf and Tennis Tournaments. 
Putting Contest for Ladies. 
Evening: 
Dinner and award of A.S.M.E. Medal to WILFRED Lewis. Address 
by LoUGHNAN S. PENDRED, Editor, The Engineer, London, England. 
Award of tournament prizes. 
Bridge Party and Water Carnival. 
Thursday, May 26, Afternoon: 
Golf. 
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GENERAL VIEW OF MODERN SAWMILL PLANT IN THE HEART OF THE APPALACHIANS, SHOWING SAWMILL, PLAN- 
ING Mitus, Dry Kitns, LuMBeErR YARD, BoarpING Housg, CLus Houss, RESIDENCES, ETc. 


Material Handling Between Stump and Board 


Processes Employed in the Appalachian Mountain Hardwood Section—Logging Railroads—Felling 


Trees—‘“‘Ballhooting”’ 


Skidding—Loading Log Trains—Log Ponds—Handling in the Mill— 


Piling and Stacking—Loading Lumber on Cars, Etc. 


By LANDON C. 


YTNHUE scope of this paper is indicated by the title, but the title 
needs some limitations, for it is proposed to confine the dis- 
cussion to material handling in the Appalachian hardwood 

section. This, in general, is a mountainous territory, where the 

problems are different from those encountered in lowland and 
swamp logging. 


PRELIMINARY 


Preliminary to a description of the actual processes employed, 
it will serve a purpose to notice briefly the physical characteristics 
of the country to which the discussion relates. 

The hardwood-lumber industry in the states of West Virginia, 
Virginia, Kentucky, eastern Tennessee, and western North Carolina 

the territory usually referred to as the Appalachian hardwood 
area—is, so far as the producing branch of that industry is con- 
cerned, confined largely to the mountainous areas. This is due to 
the fact that the flat lands have in the years gone by been largely 
cleared for agriculture. The forest growths have remained in the 
mountains because the lands were not adapted to agriculture, and 
because they were inaccessible. It was impossible in the past to 
utilize the fine hardwood timber growing in the remote recesses of 
the Appalachian Mountains, because the cost of getting to the 
trees, cutting the timber, and getting the logs to sawmills and lum- 
ber to market was so great that it was prohibitive. 


1 W. M. Ritter Lumber Co. 

Contributed by the Wood Industries Division for presentation at the 
Spring Meeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, of Tue 
AMERICAN Society oF MEcHANICAL ENGINEERS, 29 West 39th St., New 
York. All papers are subject to revision. 
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It is impossible to give one who has never been in the wilds of 
these mountains an adequate idea of the magnitude of the scale 
upon which nature has constructed in these mountains her grand 
panorama of diversified physical features of barbarity and splendor. 
The mountain ranges, the secondary ridges, thrown up to varying 
elevations running in every direction, intersecting each other, 
contending for the mastery of control not only of elevation but of 
the flow of the streams; rugged, almost perpendicular cliffs, abrupt 
and sloping mountain sides, narrow valleys with scarcely an acre 
of level land, almost impenetrable ravines; streams in dry weather 
mere rivulets, at other times mountain torrents with the destructive 
power of a cataract, tumbling down the mountain sides with such 
steep descent as to approach at times the character of waterfalls, 
are among the principal elements which shape the problems of 
material handling in these sections. Fig. 1 gives some idea of the 
rough and rugged character of much of the section discussed. 

In this territory the usual method of operation is to select the lo- 
cation of the plant site, and make it the focus of all operations. 
Usually the difficulty is to find sufficient land relatively level upon 
which to locate the necessary facilities, such as saw mill, log pond, 
lumber yard, ete. 

The plant site must be selected, of course, not only with a view 
to providing sufficient space for such facilities as have been men- 
tioned, but it must also be so located that it is accessible to the 
timber supply which is to provide its raw material, and at the same 
time it must have shipping facilities for the lumber produced from 
the trees. 

With these brief observations intended to give some idea of the 
facts and circumstances which determine the essential character 
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of the problems in handling hardwood-forest products from the 
tree to the board, we may attempt a description of the processes 
involved. 
THE TREES 

We may begin with the trees themselves. Fig. 2 gives a very 
good idea of the trees from which the material to be handled is 
produced. The illustration is made from a photograph taken 
where the ground is more nearly level and the stand of timber 
somewhat denser than the average. In the Appalachian highlands 
the average stand of merchantable timber in virgin forests is about 
5000 feet per acre. Of course it is not uniform. Sometimes the 








Fic. 1 View SHowine RovuGH anp RuGGED CHARACTER OF THE APPA- 
LACHIAN HARDWOOD SEcTION 








Fic. 2 REPRESENTATIVE STAND OF TIMBER (WHITE Oak) 


stand is less than half that figure, sometimes more than twice that 
much. 
LOGGING RAILROADS 


It may be interesting to know the magnitude of the material- 
handling problem in a modern Appalachian hardwood-lumber 
operation. This may be indicated by reference to some of the 


figures for a representative hardwood operation in that area. 
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Fic. 3. Rock Cut ror Loaaine Roap 
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lig. 4 CHARACTER OF TRESTLE WorK OFTEN REQUIRED 


The material—the logs, about 450,000,000 ft. 
from an area aggregating 110,000 acres; in order to consolidate 
that acreage into an operative proposition it was necessary to 
purchase 1073 separate tracts from over 1200 different per- 


was produced 


sons. 

To operate the property requires 200 miles of railroad, but only 
about 40 miles are needed at any one time. The cost of building 
the railroad is about $2.45 per 1000 ft. B. M. of the material, ex- 
clusive of the rails. 

Thus it is seen that the problems of getting the material to move 
and of providing the primary means for moving it, while outside 
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LOGGERS FREEING A PARTLY PEELED LoG PRIor To “BALLHOOTING 
It Down THE MOUNTAIN SIDE 











SkippDING LoGs wits TEAMS 


the immediate scope of this paper, are problems of the first magni- 
tude for the lumberman. 

We get an fnadequate idea of the railroad problems from the 
accompanying illustrations, but they serve to illustrate the diffi- 
culties of one phase of this material-handling work. 

Fig. 3 shows a pretty expensive rock cut for a logging road, 
Which at most ean have but a relatively short life. 

Fig. 4 shows the character of trestle work often necessary to be 
employed. 
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FELLING THE TREES—‘‘ BALLHOOTING”’ 


When the forests have been purchased, the mill plant built, and 
the railroad constructed from sawmill to woods, the enterprise is 
ready for the material handling between the tree and board to 
begin. The first step is the felling of the trees. 
tackling this job are shown in Fig. 5. 

In Fig. 6 is shown part of a large tree that has been sawed into 
on a steep mountain side. The territory where these trees 
grow is often so steep and inaccessible that neither railroads, 
tractors, nor even horse teams can reach them. In such cases 
the logs are partly peeled, in order that the peeled surface may 
offer little frictional resistance; the ends of the logs are scalped 
or rounded, and they are then turned loose, end foremost, and 
allowed to slide by their own momentum down the mountain 
side. This process is known in the language of the lumberjack 
as “ballhooting.” 

The figure shows the loggers, with the aid of peavies or cant 


Two woodsmen 


logs, 

















Fic. 8 SNAKING TRAIL OVER RAVINE 











Fig. 9 


SNAKING LoGs witH Aa TRACTOR 


hooks, freeing the lower end of one log from contact with the next 
one so it can be started down the mountain side. 

Needless to say, the cost of that part of the handling process 
from the time the log is released at the top of a steep mountain 
until it comes to rest far below, on ground so relatively level that 
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it cannot travel farther by its own momentum, is not very great. 
Fig. 7 shows logs being picked up after their wild career of “‘ball- 
hooting” down the mountain side, by skidding crews with horses 
for another lap of their journey to the sawmill. 
The necessity of employing several different methods of trans- 
portation in getting the logs from the forests to the mills in the 














Fic. 10 Steam SKIDDER AT WorRK 














Fie. 11 Loapine Locs on LoeainGc Cars 


Appalachian hardwood area arises mainly from topographical 
considerations. The ideal plan would be to load the logs directly 
upon the log train and haul them to the mill. But it is not practical 
to operate railroads where the grade would be too steep; switch- 
backs are often necessary, but they are expensive, and cannot be 
resorted to except on the semi-permanent stretches of the road. 
Likewise tractors, because of the steepness and roughness of many 
sections, cannot be employed; they are not practical even in areas 
where logging teams of horses can be used advantageously. In 
some sections mechanical steam-driven skidders can be employed 
to advantage, and in some circumstances steam skidding is about 
the only practical method that can be employed. 

But whether the means employed be teams of horses, tractors, 
steam skidders, or a combination of these, the aim and object of 
the logger is to get the logs from the forest assembled at points 
accessible to the logging railroad so that they may be loaded upon 
the log train. 

The difficulty and expense of making slides or snaking trails 
over which horses may draw single files of logs is shown in Fig. 8. 
Here the trail had to be constructed over a ravine-like depression 
which was filled up with logs. 

Where the topography is such as to render the use of tractors 
available, it is practicable to employ the method of “snaking” 
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in logs shown in Fig. 9. This method, however, is not in general 
use in the Appalachian highlands. 

The method of bringing in the logs by skidding machinery is 
illustrated in Fig. 10, which shows a steam skidder at work. 

Whatever the method of skidding employed, the object is to 
assemble the logs in log yards or ‘“‘jackpots,”’ so they can be loaded 
upon the log train. The term “jackpot” used in this connection 
has its own peculiar meaning, and is used to designate a large con- 
centration of logs accessible to the logging railroad. Sometimes 
thousands of logs are dumped into depressions or hollows adjacent 
to the logging railroad, and present much the appearance of an 
enormous pile of giant jackstraws (see Fig. 10). 


LOADING 


‘ 


When the logs have reached the “jackpot”’ or have been assembled 
by the logging road, they are ready to be loaded on the logging 
ears. This step in the handling of the material is accomplished 
almost exclusively by means of the steam loaders. Figs. 11 and 
12 show the loading process. 

Fig. 12 is interesting in that it shows several details illustrating 








Fic. 12 Loapine Locs on Locaine Cars 














Fic. 13 SwitcuHsBack on Loaeine RarLRoap 


the difficulties of Appalachian hardwood logging. The logs being 
loaded were assembled from the territory on the side of the stream 
where the loader is stationed. These were brought to the as- 
sembling point from the territory to the left of the picture. In 
order to reach these logs, the bridge or trestle shown in the fore- 
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ground had to be built, and in order to get space sufficient for the 
loader to be set, no inconsiderable excavation had to be made into 
the mountain side. 


Tue Loa TRAINS 


The loaded log cars are made up into train loads. The num- 
ber of cars that can be pulled 
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HANDLING IN THE MILL 
From the jack slip the logs are delivered to the log deck, and 
thence are received on the movable carriage upon which the log is 
held fast while the sawing process takes place. 
The log deck is located in the far end of the mill interior as 
shown in Fig. 16. In the foreground of this illustration may, be 





from the woods to the mill varies 
so greatly on account of the topog- 
raphy of different sections that 
no general rule can be stated. 


mt, Ts # 4 


« 


Che load varies somewhat, depend- 
ent upon whether broad-gage or 
narrow-gage equipment is used. 
Broadly speaking, loads may be 
said to vary from ten to thirty 
loaded cars. 

In discussing logging-railroad 
onstruction, some mention has 
been made of the difficulties and 
expense involved. The illustra- 
tions given above in that connec- 
tion convey an inadequate idea of 
the matter, and additional insight 
ito it is afforded by some of 
those to follow, showing the log 
rains, 





Fig. 13 shows a piece of switch- 
back construction, occurring where 
restle work on both prongs is re- 
(] ured. 

Fig. 14 shows a long train of 
fine Appalachian hardwood logs 
ona stretch of logging road built 
across a river and over a railroad 

he Carolina, Clinchfield & Ohio). 


ue Loc Ponp AND JACK SLIP 











lhe logs, when brought in from Fic. 


15 Muu witn Loe Ponp In ForEGROUND 











Fig. 14 


the woods to the mill, are dumped into the log pond. The log pond 
's a feature of all large hardwood plants in the Appalachians. It 
serves several purposes, being the concentration depot for the logs 
at the mill, where they can be assembled, sorted, cleaned, and fed 
directly into the mill. 


Fig. 15 shows a log pond full of logs. 


It also shows the end of 
the 


mill building, with the jack slip, the incline arrangement 
leading from the log pond up into the mill. Pond men on a float 
guide the logs into the jack slip, up which they are carried to the 
log deck by means of an endless chain with barbed teeth. 


Lone Train oF Harpwoop LocGs on Roap Burtt Over A RIverR AND A RAILROAD 


er seen the edging machines and cut-off tables, as well 
BA as the sorting tables with their endless-conveyor 
: chains. 
gy 


On the left of this picture may be seen the live 
rolls, which convey the lumber not necessary to be 
edged or cut off to the proper pair of conveyor 
chains. 

Fig. 17 shows a close-up of an operative receiving 
a sawed-and-edged board upon the table which 
takes it to the cut-off saw. Groups of saws op- 
erated automatically upon disappearing drums are 
at the command of this man, who can, by simply 
stepping on a lever, cut off the board to any desired 
length. 

Fig. 18 shows a grader and tally man inspecting 
the boards as they pass from the sawmill, after 
being completely manufactured, sawed, edged, 
trimmed, and cut off, to the trucks to be taken to 
the yard and stacked for drying. 

The work of these men is to designate the place 
where every board will go in the yard. In a typical 
hardwood plant about 150 different kinds, sizes, 
thicknesses, and grades of lumber are produced, thus 
making the sorting and assembling of the miscel- 
laneous production of the mill in the yard a most important 
and exacting matter. 

The lumber thus sorted is loaded on small lumber trucks, which 
usually are mounted on flanged wheels and run on a miniature steel 
rail. These are often simply pushed from the mill to the lumber 
yard by hand, the platforms upon which the trucks are laid being 
carefully graded for easy conveyance of the load. However, it 
often happens that on account of the distance or weight of the load, 
it is found desirable to use the faithful mule for pulling the lumber 
buggies. 
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PILING AND STACKING 


When the lumber is conveyed from the mill to the yard it is 
stacked in separate piles according to the species, thickness, grade, 


etc., to dry. Ordinarily this process requires from four to seven 


to be loaded in railroad ears, as shown in Fig. 24 
will be seen that the end of the pile has been boarded up with rough 


LOADING ON CARs 


Fig. 23 shows men at work unstacking and inspecting lumber 
In Fig. 23 it 














Fiag. 16 INTERIOR OF MILL 

















Fic. 17 Operative REcEIVING SAWED-AND-EpGED Boarp aT TABLi 
Wuicu Takes It To Cut-Orr Saw 


months, depending upon the kind of lumber and the thickness of 
the board. 

Fig. 19 gives a good idea of a yard arrangement and piling plan 
while Fig. 20 shows the method of building up the individual pile. 

Fig. 21 shows the care and precision employed in piling the lum- 
ber and placing the stickers so that drying conditions will be suc! 
that the finished product wiil be as uniform as possible. 

Fig. 22 shows the method of piling and preserving small pieces 
of boards and lumber known as “dimension stock.” This require 
special care, and it is piled and preserved under cover as can be seen 
in the cut. 


After the lumber has been piled a sufficient length of time or 


kiln dried, as the case may be, the final stage, so far as the sawmill 
man is concerned, is the shipping process. 
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ric. 18 GRADER AND TALLy MAN INspEcTING MANUFACTURED L 


lumber. This was done to reduce splitting and checking as much 


as possible. 

Although the lumber is graded green as it comes from the sa 
and is thus piled in the yard, it has to be inspected again whe! 
shipned because a certain amount develops defects and impel 
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fections in drying and seasoning which were not apparent upon the 
inspection in the green state. 

The defective ends are cut off by two men with a cross-cut saw 
before the boards are loaded into the car. This is done to eliminate 
defects found upon the final inspection of the dry lumber pre- 
paratory to being loaded for shipment. Incidentally this illustrates 
the wastage of a lot of lumber good for all practical purposes, but 
which the more or less unscientific lumber-grading rules make 
imperative. It is such wastes as this that the Simplification and 
Standardization of Grading Rules will do much to prevent. 

It is thus seen that there are many stages (and all are not re- 
viewed above) in the process of handling the products of the 














Fic. 19 Yarp ARRANGEMENT AND PILING PLAN 

















SHOWING CARE AND PRECISION EMPLOYED IN PILING LUMBER So 
Tuat DryinG WILL Be UNIFORM 











22. Meruop or PILING AND PRESERVING DIMENSION STOCK 


Appalachian hardwood forests from the stump until the lumber is 
in the railroad car, on its way to the consumer. 

the living, eating, and sleeping quarters of the woodsmen— 
lumberjacks” as they are familiarly and affectionately called— 
are in specially constructed camp cars, built on railway trucks, 
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and capable of being moved from place to place and installed for 

any desirable length of time upon sidings of the lumber railroads. 
The illustration at the beginning of the paper presents as much 

as can be shown in one photograph of a modern sawmill plant in 








hic. 20 Metuop oF BuriLtpinG UP an INDIVIDUAL PILE 














Fic. 23. UnstackinG LumMBER TO BE LOADED IN CARS FOR SHIPMENT 

















Fig. 24 


INsPpEcCTING LUMBER ABOUT TO BE LOADED FOR SHIPMENT 


the heart of the Appalachians. In this one gets a glimpse of the 
sawmill building, the planing mills, dry kilns, a part of the lumber 
yards, a boarding house, a club house, several residences, ete. On 
account of the tortuous course of the narrow valley in which the 
plant is located, the offices, stores, church, school building, and 
most of the residences are not visible. 
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The Design of Motor-Bus Bodies 


A Discussion of the Various Points Considered by Bus Purchasers, Such as Utility, Appearance, Com- 
fort, Strength, Lightness, Durability, Ease of Repair, Etc.—The Problem of Changing 


Styles—Methods of Design 


By L. C. 


HERE is a certain similarity between a motor-bus body and 
a house so far as the relation to the woodworking industry 
is concerned. A house may be built of wood, or steel framing, 
with many varieties of covering and many styles of architecture. 














Fic. 1 AN Earty Type or Bus 
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The foregoing are a few of the obvious advantages and dis- 
advantages of the use of wood in bus bodies, and the subject of 
design will now be taken up in more detail, bringing out some 
of the problems and their solutions. 

Going back to the similarity between a bus and a house, consider 
now the customer who goes out today to buy a bus. In the first 
place, there is no average bus user any more than there is an average 
house hunter. The bus customer may be the operating manager 
of a large public-service company who has had years of experience 
in public transportation work and who has some very definite ideas 
as to just what his requirements are, or he may be any one just 
starting up with a small fleet and without extensive experience, 
whose ideas of bus requirements may not be based on solid ground. 

It is possible, however, even considering these widely different 
types of bus customers, to say that both are looking for two things 
and that the only difference between these customers is one of 
degree. The two things they are looking for are, first, visible 
quality, and second, invisible merit. 

VISIBLE QUALITY 

The first point for consideration under the heading of visible 
quality is the matter of utility. The general evolution of bus- 

be dy designs has pre duced several 





Satisfactory bus bodies have been 
built entirely of metal. On the 
other hand, it is very doubtful 
if the all-metal bus body will 
ever come into general use for a 
long time, for reasons which will 
be apparent on going farther 
into the subject. The problem 
of designing a bus body is tied 
up with a great many factors 
other than the mere matter of 
simply handling wood. 

Thé-company with which the 

author is associated, and most 
other companies in the motor-bus 
business, are generally considered 
as members of the metal-working 
industry. They are accustomed, when they have a new problem 
to solve, to think of it in terms of castings, forgings, pressings, screw 
parts, etc., rather than turn to wood. Other things being equal, 
they prefer to use a metal body instead of one of wood. The 
importance of this point is the realization that wherever wood 
has been used in bus-body construction it is because it has been 
found to be the most suitable material for the purpose and not 
because it happened to be the easiest thing at hand. It is un- 
necessary to bring out in detail the points of superiority of wood 
for these uses, but mention may be made of three or four. 

First is the matter of interior finish attainable; second is the 
ease of shaping and fitting; third is the ability to absorb shock 
and vibration without transmitting it to adjoining members; 
fourth is the ease of attachment of parts. 

On the other hand, drawbacks to wood as a material for use in 
bus bodies are: first, the trouble with swelling and shrinking due 
to weather conditions; second, deterioration of wood due to rot; 
third, inability to hold lacquer satisfactorily; fourth, high first cost 
of the material, which may not be compensated for by its ease of 
working, 





1 Engineer, International Motor Company. Mem. A.S.M.E. 

Contributed by the Wood Industries Division for presentation at the 
Spring Meeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, of 
Tue AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 





Fig. 2 Wuat a Few Years’ Evotution Has Done To Fia. 


types particularly adapted for 
certain kinds of work. One of 
the variables is the matter of 
carrying capacity. Twenty-nine 
or thirty-three passengers seems 
to be about the limit in seating 
space available in single-deck 
bodies, keeping within the vari 
ous state laws as to length and 
width. Buses for 16, 19, and 2! 
passengers have been built for 
service too meager to support 
the larger vehicles. Double-deck 
buses holding 65 passengers are 
built to handle crowded city ser- 
1 vice. The arrangement and type 
of seats is of course tied up with 




















Fie. 3 A Very Recent Ciry-Typre Bus 
this matter of utility. For crowded city work less comfortable seats 
are used, and more seats can be placed in the same space. ‘The ar- 
rangement of entrances and exits is governed by the type of service 
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required, as well as by state laws in the case of emergency exits. 
These matters are gradually becoming standardized. The question 
of headroom is also dependent on utility. A city bus built to carry 
some standing load requires about 75 in. headroom, whereas the 
de luxe bus for cross-country long-distance work can be built with 
headroom down to 62 or 63 in. In designing a body to meet 
the customer's requirements these matters of utility are carefully 
considered, and it is always possible to give the customer exactly 
the type of body he desires. 

The point of importance next to utility is the matter of appear- 
ance. From its very definition appearance means the effect of 
the image of the bus on some one’s eye. The question is whose 
eye is to be affected. The novice bus buyer considers his own 
eye as the judge of appearance. The experienced bus buyer 
It is a well- 
known fact and has been demonstrated many times where competing 


considers the eyes of his would-be customer riders. 


bus lines are in operation that people will wait on the street corner 
to ride in a certain make of bus because they prefer its appearance 
either outside or inside. Appearance therefore covers everything 
there is about a bus to look at—the color of the paint, the lines 
of the body, the interior decorations, and above all the condition 
in which the operator keeps his equipment. The motor bus is 
being operated in competitive work either against other motor 
buses or against other methods of transportation. One of the 
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Fie. 5 InrTerior oF Bus ror SUBURBAN SERVICE 


reasons for the success of the motor bus as against other forms of 
insportation has been its ability to attract riders away from the 
titer, even at a higher charge per mile. Appearance is one of the 
most important items that attracts riders. The matter of utility, 
4s considered above, does not have a great effect on attracting 
riders. For example, take the case of a company operating de 
luxe type parlor buses for city service. There is no question but 
what the attractiveness of this bus attracts riders, but the buses 
are not at all convenient or well adapted to the type of service 
that is being given. In this case it would be possible to attract 
just as many riders with a well-designed city-type bus, and the 
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operator would be giving better service at a greater profit. This 
matter of appearance is one of the hardest problems to meet because 
it covers such matters as choice of details, most of which are 
governed by styles or personal preferences; just as in picking out 
a house one person prefers a certain style of architecture, color 
scheme, and interior decorations, whereas this same arrangement 
would appear hideous to another person. The gradual evolution 
of railroad-car architecture from early Pullman with its ornate 
inlays, filigrees, and extreme ornamentation to the very quiet one- 
or two-tone simplicity of the present day is an illustration. In 
general the tendency in bus appearance seems to be along similar 
lines of simplicity. This is right, from the standpoint that sim- 
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plicity can never be offensive, whereas over-ornamentation is apt 
to please only a very few. 

Next to appearance comes the matter of comfort to patrons. 
The points which should be considered under comfort do not affect 
in detail the design of the bus body so far as framing, etc., is con- 
cerned, but are associated with the general construction of the body 
design as a whole. The important point in designing for rider 
comfort is that there must be no effects that are annoying to any 
of the senses. The length of ride is connected with this matter 
of comfort. If the passenger is to ride all day one must go to 
great pains to promote comfort, whereas if a passenger is to ride 
only fifteen minutes the subject is less important and attention 
can be centered more on some of the other factors in design. The 
various points brought out by consideration of comfort are more 
or less obvious and will be considered briefly. 

From the standpoint of the eyes, windows should afford a satis- 
factory view; post spacings should not be too close or the tops 
of the windows too low, causing people to lean over to see out. 
Also, for night driving an adequate lighting arrangement without 
glare should be provided. Considering the ears, all squeaks 
and rattles should be removed from the body, as well as drumming 
sounds or noises coming from the chassis. The commonest of 
these are noises from the engine and transmission and from the 
muffler. Adequate ventilation must be provided at the rate of ap- 
proximately 350 cu. ft. of new air per hour per person. This will 
prevent headache and drowsiness on a long ride. 

Temperature is a matter of importance. A heating system 
should be provided, preferably in conjunction with the ventilating 
system. On this point is based one of the most serious defects 
in all metal bodies. Wood has heat-insulating properties which 
a metal body does not have and it is necessary to use heat insula- 
tion with a metal body, which increases weight and cost. The 
choice of seats is important in considering comfort, and the type 
chosen depends somewhat on the question of utility. For a long 
ride a larger seat can be used at some sacrifice of carrying capacity. 
Seats, however, cannot provide entire riding comfort. The de- 
sign of chassis and springs is the most important part of this 
problem. Good seats will help but cannot alone make a good- 
riding bus. Another sense which is important in promoting 
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comfort is the sense of touch from the standpoint of vibration. 
There are several kinds of vibration produced in a motor bus. 
There is the vibration coming from the road and springs, which 
is a problem of chassis design. There is the vibration coming 
from the engine and power equipment, which is a problem both 
of chassis and body design. Even the most perfect design of 
engine and transmission is usually dependent upon metal-to-metal 
contacts, and the vibrations must be damped out at some point 
before they reach the passenger in the body. 

These three factors of utility, appearance, and comfort are the 
things that the customer looks for in buying a bus. They are 
the things that he can easily evaluate by walking around it and 
taking a short demonstration ride. They are also the three factors 
upon which the patron or rider judges the quality of his ride. The 
patron also judges his ride by certain other factors of performance 
such as speed, smoothness of acceleration, arrival on time, courtesy 
of employees, and other things which are outside of the control 
of the bus-body designer. 


INVISIBLE MERIT 


This covers those points in body construction and design which 
the bus customer expects but which he cannot be sure that he is 
getting. They are the items which he has to take on faith, either 
based on the past performance of similar vehicles made by the 
same manufacturer or on the manufacturer’s reputation for quality 
workmanship. The most important one is that of strength, or 
safety, and when strength is mentioned, lightness should come 
in the same breath. These two factors are not opposites. The 
first aim should be to secure strength—in other words, proper 
proportions of all the parts of the bus body to meet the service 
requirements. Lightness, on the other hand, means no unnec- 
essary weight and that the mechanics of the design should be such 
as to use the full strength of all the parts. In other words, 
aim for strength and secure lightness by excellence of design. 
Some of the problems introduced by this requirement are very 
difficult. It is comparatively easy for an engineer to design a 
bridge to span a certain distance and carry a certain load, but 
even in spite of the ease of his problem he multiplies his result 
by a factor of safety of four or five to take care of contingencies. 
In designing a bus body there is no such exact information on which 
to proceed. 

At this point it may be said that there has never been developed 
any simple method of stress analysis in bus bodies. Photographs 
of buses that have been in wrecks, collisions, etc. have been collected 
and have determined certain points of weakness. Buses that have 
been in service many years have been examined and have deter- 
mined the points of deterioration, and from this general collection 
of data perfected designs are arrived at. Most engineers like to 
reduce these matters of strength to a system of formulas. It 
is doubtful, however, if any such results will ever be arrived at 
in the design of bus bodies. The loads that are applied to the 
bodies are impossible to analyze and the structure is so compli- 
cated and of such composite design, using several materials, that 
it is impossible to work out any stress-distribution diagrams. 
Suffice it to say at the present time that one of the things a bus 
customer is looking for but which he cannot see is strength and 
lightness. He will not find out whether he has obtained these 
qualities until he has had the bus in service for several years. 

Another point which is closely allied with strength but which 
deserves separate treatment is the matter of security against 
deterioration. A bus body must not go to pieces before its useful 
lifetime, either from the loosening of joints or from the weathering of 
wood and metal. As far as metal parts are concerned, this means 
proper protection of hidden surfaces during assembly and proper 
securing of tight joints by riveting or bolting. From the stand- 
point of wood parts, the requirement is met by the proper selection 
of varieties of wood for use in the body, the curing of this wood, 
and its protection against weathering with paint or other preserva- 
tive. The best practice is to cover in all exterior exposed wood 
with a metal sheet, a light-gage aluminum being used for this 
purpose. The aluminum not only takes paint better than the 
wood, but serves as a perfect protection for exterior woodwork 
against weathering. The matter of fastening joints against 
looseness is important. Some of the earlier buses were put to- 
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gether with screws at the more important points and nails at the 
less important. Joints between wood were mortised, glued, or 
white-leaded, and doweled. As experience has been gained these 
requirements have been tightened up. Where screws were used 
before, through bolts with nuts are now used. In many places 
where nails were employed before, screws are now used—for ex- 
ample, in fastening down the roof, putting on moldings, etc. Joints 
have been improved both by the quality of workmanship and strict 
control of gluing as well as by the use of steel connecting angles 
and gussets wherever possible so as to prevent the working and 
loosening of joints. 

One last item which the customer buys but cannot discover 
until he has had the bus in service is the matter of ease of repair. 
It is impossible to predict just what accidents a bus body is likely 
to encounter. If this were possible, bodies could be specially 
designed for the insertion of repair parts. All sorts of accidents, 
however, occur to bus bodies, ranging from a small dent in a side 
panel and scratches and mars on the interior finish, to the smashing 
in of a main post or sill in a collision. There are many arguments 
pro and con for wood or steel from the standpoint of ease of repair. 
A structure built entirely of wood can be very easily repaired by a 
skilful carpenter with the aid of a few tools and a pot of glue. 
On the other hand, a metal body is more difficult to repair, and 
unless entirely new parts are used it is likely to carry some scars. 
One of the commonest types of accident is the injuring of the 
side panels. For this reason several designs of body have been 
suggested in which the side panels are individually removable. 
This, however, meets only one particular kind of accident. The 
main point to keep in mind from the standpoint of ease of repair 
is that it should not be necessary to take down a large part of the 
inside trimming of a bus and remove seats, etc., in order to make 
some minor repair to the outside, just as it should not be necessary 
to remove the radiator and fan of an engine in order to put a new 
packing in the water pump. 

CHANGE IN STYLES 

A third consideration which comes into the design of a bus 
body is entirely a selfish one from the standpoint of the manu- 
facturer and covers the points that he must pay attention to in 
order to make a successful bus which can be sold at a profit. The 
most important of these is the matter of meeting the change in 
styles. There is certainly no such thing as standardization in 
the manufacture of buses at the present day. In the first place, 
there is too much competition. In the second place, the operators 
of buses have not been in the business long enough to have de- 
termined the possibilities of their use and therefore the types 
of design best fitted for their needs. It would be possible to 
standardize on a certain type of bus body for manufacture in 
quantities and the cost of these bodies would undoubtedly be much 
less than at present, but it is very doubtful if they could be sold 
in quantities large enough to warrant making them. It is most 
important, therefore, that the bus manufacturer today be pre- 
pared to meet every possible change in style. In the severe compe- 
tition going on the manufacturer who cannot, easily meet these 
changes will be left behind with obsolete models. 

This question of standardized design, however, is largely one 
of degree. Most bus customers expect deliveries a few weeks 
from the time of placing their order. Obviously it would not be 
possible to start on a blank sheet of paper to design a body, build 
it, and deliver it in this short space of time. It is necessary, there- 
fore, for the bus-body manufacturer to have available and in various 
degrees of manufacture certain standard designs of component 
parts of buses which can be worked up into a number of different 
complete bodies that will meet the majority of requirements. 
The customer, then, who wants a complete custom body abso- 
lutely different from every one else’s must, of course, wait for the 
whole process of development, but the average customer who is 
in a hurry to get delivery is willing to take this semi-standardized 
body. Presumably as the use of buses becomes older the amount 
of standardization possible will increase, but it is doubtful if it will 
ever be possible to finish up complete buses in large quantities and 
have them on the showroom floor ready for delivery in the same 
way that pleasure cars are sold. 

This matter of ease of change of styles is one of the worries 
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of the bus manufacturer. To manufacture buses conveniently 
it is necessary to use jigs for setting up the bodies, but when the 
bodies are built on the basis of ten being of one style and the next 
fifteen of another, it is necessary that these jigs be made adaptable 
to various combinations such as length, width, post spacings, 
arrangement of doors, height of roof, curvature of roof, shape of 
cowl, etc. Change of styles is the principal reason why the all- 
metal bus body is not likely to come into use in the near future. 
A metal bus body built up out of standard rolled shapes and sheets 
is very heavy and clumsy in design. A satisfactory metal bus 
body can be built only by the use of specially designed pressed- 
steel parts. The investment in dies and tools to make these 
parts for one design of bus body might amount to $50,000. It is 
obvious that there would be no profit in this type of body unless 
a very large number all alike could be sold. On the other hand, 
a design made up of wood frame but with metal connecting 
pieces can be worked out so that by very simple changes in the 
jigs, bodies of almost any style can be built. 

The second point is the matter of ease of manufacture. It is 
really very much the same factor under another heading. Con- 
sider, for example, the common ball corner that was introduced 
at the upper rear corner of various closed cars several years ago. 
This type of corner is an illustration of one of the problems of 
bus design. If there are many thousands of these corners to be 
made, there is no problem at all. It is simply a matter of a set 
of dies costing possibly two thousand dollars, and pressing these 
corners exactly to shape out of sheet metal. If, however, there 
are only a few to be made, the die cost is unreasonable. If they 
are to be made of sheet metal, the only method is to take a flat 
sheet, cut some gores, weld the edges, and then hammer the sheet 
out on a power hammer until it is bent to shape. The welding 
operation is done by a highly skilled man with the use of expensive 
equipment, and the hammering operation is probably one of the 
most expensive, both in wages and equipment, that can be found 
in any sheet-metal shop. One man and a helper could probably 
turn out about three of these ball corners a day. On the other 
hand, consider wood in this design. The process is the simple 
one of gluing up a large block of wood, sawing it out roughly on a 
band saw, and then shaving it off to meet certain lines of a templet. 
This wooden block can then be covered with black fabrie, fur- 
lishing a perfectly good-looking corner at a fraction of the cost of 
a metal corner. 

The next important point in this question of manufacturing 
for profit is of course the matter of cost. Whether it is called 
readiness for change of styles or ease of manufacturing, the under- 
lying question is one of cost to produce a certain quality of design. 
If the costs are to be low, bodies must be manufactured and not 
just built. Thesmall job or custom shops build their bodies. They 
start out with a stand on which are set up some sills and posts, 
and the framing is worked out as they go along. The body builder 
measures each piece and fits it into place. On the other hand, 
to manufacture bodies the work must be divided. Detail parts 
must be made up in advance in quantities by regular machining 
methods. These are brought together in sub-assemblies and these, 
in turn, gathered into the final assembly on the body jig. The 
sub-assembly and the final assembly are both made on jigs. With 
these factors in mind it is possible to design a series of sub-assem- 
blies which with very little variation can be gathered together 
in different combinations to form the different styles of bodies 
required. Parts that go into these sub-assemblies can be made 
either in a metal-working shop or in a woodworking shop by well- 
known machine methods from shaper patterns, drill jigs, and 
templets. 


METHODS OF DESIGN 


One of the first problems in designing a body is the question 
of its suitability to the chassis on which it is to be mounted. Chassis 
design will be only mentioned at this point to bring out one point, 
namely, the question of a flexible or a rigid chassis. The terms 
are relative ones as there is no completely rigid chassis. A bus 
chassis may have a wheelbase of from 15 to 20 ft. and be operated 
at high speed over uneven ground. In accordance with the best 
principles of chassis design, the connecting members between the 
lront and rear axles must allow for considerable flexibility so that 
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the wheels can follow the ground over any roughness without 
depending too much upon the springs to do this work. This means 
a flexible frame and requires that the various units mounted in 
the frame such as engine, transmission, ete., shall either be mounted 
on three-point suspension or with some sort of flexible mounting 
such as rubber. A truly rigid frame, on the other hand, would not 
yield to the unevenness of the ground and would require that it all 
be taken care of in the springs. This would result in considerable 
pounding and hard riding. Moreover a rigid frame, to be truly 
rigid, would be impossible as to weight. Loads on buses of the 
above size run as high as 25,000 lb. The impact values in high- 
speed operation might multiply this static load by four. A rigid 
beam to meet this would possibly weigh as much as 2500 to 3000 
lb. for a length of 20 ft. between supports. This weight would 
be prohibitive. It is desirable also not to depend on the springs 
too much for flexibility as the weight is thus taken off the tires, 
allowing slipping and skidding. 

Considering, then, that a flexible chassis will be used, what 
kind of body should be put on the frame? As explained above, 
this question of flexibility is one of degree, but in order to define 
what is meant by flexibility it may be said that a bus chassis 
frame with a 20-ft. wheelbase should be capable of allowing one 
wheel to drop into a 6-in. depression without any appreciable 
reduction in the load on the springs. Moreover the same frame, 
when loaded with, say, 20,000 Ib., will have a total deflection of 
'/, to */g in. at the center. 

It would be entirely possible to make a body of flexible design 
which could be mounted on this flexible chassis. The so-called 
Weyman bodies that are built in Europe follow this idea. They 
are more in the nature of a tent, consisting of frame members with 
yielding connections and covered with some sort of fabric. This 
type of body has not so far been popular in America and has not 
yet demonstrated its suitability for bus work, though it may be 
desirable for small-size pleasure cars. The disadvantages of this 
type are, first, the probable objection of.the riding public to 
sitting in a structure in which movement can be noted in all the 
members; second, the weakness of the structure in collision or 
in rolling over in a ditch; and third, the probable depreciation 
of the structure in service over some of the roads to be found in 
this country. 

The demand in this country appears to be for a rigid body. 
From experience with the wear and tear and depreciation on bodies, 
the author would say that the stiffer a body can be made the longer 
it will last—and this means many times more rigid than the chassis. 
It is found, for instance, from tests that the body is six times as 
stiff in vertical bending as the chassis frame on which it is mounted, 
although the loads imposed on the body, and particularly the 
impact loads, are very much less than those imposed on the chassis 
frame. This means, therefore, that there must be an allowance 
in the method of attachment of body to chassis to take care of 
motion. This is done in several ways. First, by mounting the 
body on some sort of fabric resting on the two main chassis rails 
which are relatively close to the center line, and balancing the 
outside of the body on outriggers attached to the rails, these out- 
riggers being made of relatively light material which will allow 
for some motion. With these closely spaced center supports it is 
possible for the chassis frame to twist considerably without affecting 
the body, and the fabric strips between the body and chassis 
permit a certain amount of deflection. Another method which 
carries the same idea farther is to mount the body with a sort of 
three-point suspension, the rear of the body attached as above 
to the chassis frame, while the front, which is in line with the point 
of maximum deflection in the chassis frame, is carried in rubber 
shock-insulator blocks attached to suitable outriggers on the frame. 
In this way the rear of the body over the rear wheels is fastened 
rigidly to the chassis, whereas the front of the body is free to move 
with respect to the chassis within the limits of the rubber shock 
insulators. This appears to be a very desirable arrangement. 

The question of designing a stiff body brings up several points. 
The first buses built followed somewhat the lines of steam-railroad 
practice. A floor was constructed with heavy sills of wood or steel, 
and on this a superstructure was erected. The superstructure 
was relatively light and designed more or less to support the roof 
and side walls, but did not contribute particularly to the strength 
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of the body. The later theories on bus-body design are in accord 
with the very latest theory on light-weight steel railroad-car 
design in which the body is considered as a complete closed box 
and every part of the structure is made to contribute something 
toward the strength of the whole. If a body were simply a tube 
with both ends closed it would have the strongest possible structure 
for a given weight to withstand the bending and torsion, which 
are the two enemies of bus-body design. Of these two, torsion 
is by far the more serious. 

Obviously one cannot design bus bodies to look like a tank car, 
but can follow this general theory of a flat-sided, closed box having 
i. length somewhat greater than the other dimensions. Con- 
sider such a box and note that when a bending load is imposed the 
top is in compression, the bottom is in tension, the two ends are 
not disturbed, and that the sides, being relatively thin, undergo 
Note 
further that if a torsion load is put on this type of box every one 
if the six surfaces resists a distorting stress, and that, conversely, 


a buckling force, partly tension and partly compression. 
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any stiffness put into any of the corners of the structure will help 
) resist this load. This is the important point to keep in mind 
in designing a bus body along this theory. Start with a closed 
box of equal strength throughout. It then becomes necessary 
to cut some large holes such as for the front end around the wind- 
shield, ete. and for the teinforce around these holes 
until the original strength in that particular surface has been re- 
gained. This can only be done by the liberal use of steel gussets 
and angles. The openings for windows, ete. are not large enough 
to be a serious problem for bracing. On the other hand, any large 
rfaces must be watched to see that they are properly supported 
against crumpling. 

lollowing these general principles, there is no serious difficulty 
in designing a rigid body. The only additional problem is that of 
designing to meet certain special problems that come up at certain 
points. For instance, a common form of bus collision is the ease of 
“side swiping,”’ and the joints between the post and side sills should 
therefore be strong enough to stand quite an impact at this point. 
Another important point is the matter of designing around the 
doors from the standpoint of the continual blows struck when the 
doors are slammed shut. The same is true as regards the bracing 
‘or mounting such special heavy parts as tire carriers, etc. 
Coming now to the question of the various materials available 
for use in body building, as was said at the outset, bus bodies 
cannot be built of any one material. There have been so-called 
all-steel bodies, all-aluminum bodies, and all-wood bodies, but 
the best body today is one in which the designer has no particular 
ax to grind in regard to any one material. Wood is certainly 
the most desirable material for a large part of the framing, as 
brought out above. Of the various woods, a high-grade heavy 
ash seems to be the best for framework. Some body builders 
use maple for this purpose, but maple will not stand the weather 


doors. 
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and is apt to rot out if damp. Ash, pine, cypress, and poplar are 
used for flooring. Poplar is frequently used for small, unimportant 
parts in the body construction. Mahogany or walnut, either solid 
or in the form of veneering, is used for the interior trim. Has- 
kelite is frequently used for roofs, and sometimes Plymetal, where- 
as Other builders build roofs more like those of a trolley car, which 
is a construction of poplar slats covered with heavy duck .and 
heavily painted. 

The body builder who works on a large scale has a real problem 
in his lumber requirements. The ordinary-size bus body may use 
from 1000 to 1200 ft. of unfinished lumber per body. It is im- 
portant to have a very cldse tie-in between the purchasing of this 
lumber and the designing of the body as regards sizes and kinds 
of timber available. If any kind of a result is desired in the fin- 
ished structure, this lumber must be very carefully kiln-dried. The 
problem of cutting the lumber and working it up is not different 
from that in any woodworking industry; the same general prin- 
ciples of laying out, machining, and assembly are followed. 

Probably the next most important material in the building of 
bus bodies is aluminum. Aluminum is used in the form of sheets, 
tubing, and small castings. The sheets are mostly of the half- 
hard finish, which is easily worked yet not too easily dented or 
marred. It is the practice with some body builders to buy this 
aluminum in the bright finish, thereby being able to detect more 
easily any waves or imperfections in the finished body. Other 
body builders buy it in the dull scratch-brush finish. In any 
case it is necessary that this aluminum be all scratch-brushed 
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before the painting operation. Some body builders are using 
Plymetal for large outside sheets and still others are using steel. 
There are some slight differences between steel and aluminum for 
this purpose. The aluminum will probably weigh less on the whole 
is a little easier to work, and when properly handled will hold 
paint better than the steel. On the other hand, it costs more. 
Aluminum tubing is used for stanchions, hand rails, and such 
places, although some body builders use steel tubing for these 
purposes and in some cases a baked enamel finish is put on. Nu- 
merous aluminum castings are used for various minor pieces around 
the bodies, as well as in seat construction. 

Steel, malleable iron, and gray iron are used in a few places 
around the body. A great deal of steel is used in the form of 
pressed shapes for gussets and reinforcing attachments. Some- 
times malleable castings are used for these purposes and also in 
connection with such equipment as door-operating mechanisms, 
seats, ete. 

One of the things that comes into bus-body designing and build- 
ing and which covers quite a field is the large amount of leather 
and fabric that is used for seat coverings, curtains, and interior 
finish. Some of the very finest and highest-priced genuine leathers 
are used in modern de luxe buses. It may be that this is merely 
a passing phase, as it is doubtful whether the ultimate riding public 
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demands a seat covering or interior finish of a finer grade than 
will be found in the most expensive homes and clubs. The same 
is true of silk curtains, etc. The tendency appears to be toward 
the use of more of the lower-priced leathers for seats, of imitation 
leather for interior finish, and of simple shades such as used in 
street cars instead of the more expensive draperies. On the other 
hand, this question of luxury versus utility is an jmportant one. 
The growth of the motor bus has been due largely to two things: 
its ability to furnish transportation under conditions where other 
forms of transportation could not thrive, and its ability to take 
transportation away from some of the existing forms by furnishing 
a more attractive service for one reason or another. One of the 
things that has attracted people to the cross-country motor bus 
as against the steam train or the interurban trolley has been this 
very matter of luxuriousness of appointments. It may appear 
uneconomic to see a farmer covered with mud or a mechanic in 
greasy overalls riding in a bus finished with appointments equal 
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to those of the best metropolitan club, and yet possibly the very 
fact that he does not have any other opportunity to taste this 
luxury may be the reason that he rides on the bus in preference to 
the steam railway or trolley car. 

On the other hand, if a bus operator has this kind of bus equip- 
ment he has a real expense to meet in keeping it up, as there is 
nothing so forlorn looking as a de luxe bus which has been allowed 
to run down at the heel. 

A number of materials are also used for floor coverings. The 
majority of bus floors are covered with linoleum, although some 
of the cheaper buses are using plain wood floors with slats of some 
kind. The higher priced de luxe buses frequently use tiled rubber. 
This is very heavy, high in price, and has no particular advantage 
over linoleum as regards wear. A few buses are being equipped 
with composition flooring similar to steam railroad cars. This 
has not been proved entirely successful, although it appears to 
have some merit. 
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Specific Characteristics for Hydraulic Turbines 


A Suggested New Expression for Specific Speed That Is Non-Dimensional and Embraces the Three 
Fundamental Characteristics of a Turbine: Namely, Peripheral-Speed Coefficient, 
Velocity-of-Flow Coefficient, and Efficiency 


By ARNOLD PFAU,' MILWAUKEE, WIS. 


September, 1926, issue of MECHANICAL ENGINEERING,’ namely, 

that the characteristic (or specific) speed is not non-dimen- 
sional because it is based upon the units of the respective di- 
mensional system, is justified. 

The specific speed of any hydraulic turbine (action, reaction, 
propeller, or impulse type) is the speed in revolutions per minute 
of a model so proportioned that it develops unit horsepower under 
unit head. The unit of head can be expressed in the metric, 
English, or any other dimensional system. Therefore each system 
has its own absolute value of specific speed n.. 


[sep objection raised by Bruno Eck in his article in the 


VN 
nt Tr 8/. 
| ati 
where ns specific speed 
N = horsepower 
H = unit of head 
n = revolutions per minute. 
is an absolute numerical value. NV is a conventionally adopted 


and practically fixed rate at which work is performed and is equal 
to 75 kg-m. per sec. (735.4 watts) in the metric system and to 
550 ft-lb. per sec. (745.7 watts) in the English system. 

he unit of measurement of power is the horsepower. Un- 
fortunately this unit is not of equal absolute value for the various 
systems. For instance, the metric horsepower is equal to 735.4 
watts (or 542.4 ft-lb. per sec.), while the English horsepower is 
745.7 watts (or 550 ft-lb. per sec.), the unit of measuring electric 
energy being the watt and, fortunately, the same in any system. 

The metric horsepower is smaller than the English, consequently 
to develop unit horsepower in the metric system the turbine runner 
can be a trifle smaller and therefore runs a trifle faster; and thus the 
specific speed n, appears a trifle higher than it is when calculated 
on the basis of the English horsepower. This can be duly rectified 
by introducing an additional transformation factor K. 


N, = KW, or al = Kk, 
Wi 
Cherefore the values of n, can be transformed from one system 
to another by multiplying them by a transformation factor, as 
follows. If the horsepower N were the same absolute value the 
transformation factor would be m‘/*, in which m expresses a linear 
measurement. 


1 ft. = 0.305 meter, or m, 0.305 
lm. = 3.28 it., Or Me 3.28 
Thus (3.28) = 4.414, and considering the difference in the 


absolute values of the horsepower, we have to multiply by the 
ratio A,/K, between the measures of horsepower in the two re- 
spective systems. For instance, from English to metric: 
l 9 
n= - ia 3.28 
0.305 


m/s = 4.414 








Ky 550 745.7 
— K, 5424 735.4 
‘Consulting Engineer, Hydraulic Department, Allis-Chalmers Manu- 
facturing Co. Mem. A.S.M.E. 

* Characteristic Coefficients for Hydraulic Machines. Reprinted for 
convenient reference at the close of the present paper. 

( ontributed by the Hydraulic Division for presentation at the Spring 
Meeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, of THE 
AMER AN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, New 
York. All papers are subject to revision. 
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and 


V« = 1.0069 


Thus the correct transformation factor from the English to the 
metric system is 


m'/* x (*:) = 4.414 1.0069 


K» 
= 4.454 
The author would suggest here that the dimensional value n, 
of the specific speed be modified by dividing it by those inherent 
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values which are subject to the respective dimensional system and 
to its definition of horsepower. To do this it is necessary to sub- 
stitute for n and N those values which contain the dimensional 
and conventional factors: 


_ OW 29H 








’ mD ‘ 
i a KQHye — KinD*V* V 2gH Hey 
; r 4r 
in which 
u* = peripheral coefficient of speed at the diameter D of 


runner, as shown in Fig. 1 
7 = 3.14159 (constant) 


g = gravity (dimensional) = 9.81 m. per sec. per sec., 32.2 
ft. per sec. per sec., etc. 
D = diameter (dimensional) of runner for which the periph- 





eral speed u or u* = u/*V/2gH is figured 

V7 = V/V 29H = coefficient of velocity of the quantity of 
water Q passing through a circular section of di- 
ameter D 

y = weight (dimensional) of one unit of volume (1000 kg. 

per cu. m. or 62.4 lb. per cu. ft.) 

efficiency of turbine 

= number of units (dimensional) constituting one horse- 

power (550 ft-lb. per sec., 75 kg-m. per sec., etc.) 

K = factor with which the horsepower of the system must 
be multiplied in order to reduce it to a uniform 
absolute basis of energy. For instance, (metric)K, = 
0.7354; (English)K, = 0.7457. 
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Thus substituting, 


n /KN 
H*/s 


rn, = 





60u? V2gH- Nv 7/4 D AY ‘Vi /2gH *VH WV Key/r 
wD H*/s 4 





or regrouped, 
ns = 16.925 u? VV? Ve X V Ky/r V(29)3 

The value thus obtained is composed of three groups of values, 
Viz.: 

(1) 16.925, an absolute constant. 

(2) we: VW", product of three characteristic coefficients 
determining the specific speed and independent of dimensional 
systems. 

(3) V Ky/r - W(29)%, values which are dependent on the di- 
mensional system and its definition of horsepower. 

It is suggested that a new definition be adopted, viz.: 





n*, = Specific characteristic 
Ns _ m 

= 7 7 —= : —= = ur VV": Ve 
16.925 - V Ky/r - V (2g)° 








This value is non-dimensional and embraces the three fundamental 
characteristics of a turbine, namely, 

1 The peripheral-speed coefficient u*, or what may be termed 
the ‘‘speediness” (German, Schnellaiifigkeit). 

2 The coefficient of velocity V*, or what is called Schluckfahig- 
keit in German, and what we may term the “flow receptivity.” 

3 The efficiency e of the turbine, representing the engineering 
quality of design. 

It can be readily seen that by overspeeding a turbine the specific 
speed n, increases in direct proportion to the speed n, provided the 
horsepower remains the same. The overspeeding, however, re- 
duces the efficiency e, therefore the value e should be included in 
the expression for the specific characteristic, and it should also 
have been included in the present expression for specific speed. 

The dimensional values ~/ Ky/r and ~/(2g)* are constants for 
each respective dimensional system. For instance, 


Metric: 
y: = 1000 kg. per cu. m. of water 








r, = 75 kg-m. per sec. per hp. 
K, = 0.7354 kw. 
g: = 9.81 m. per sec. per sec. (gravity) 





ler 


nee wa 10.7354 < 1000 
Thus \ ~ Vv (29:)' = \ 77 


English: 





v (19.62)° 





= 29.191 


v2 = 62.4 lb. per cu. ft. of water 

r, = 550 ft-lb. per sec. per hp. (English) 
g2 = 32.2 ft. per sec. per sec. (gravity) 
K, = 0.7457 kw. 





(0.7457 X 62.4 ; 
eee « LEP 


T2 550 


Therefore the ratio between the two systems is 


29.191 


6.612 





= 4.414 = m‘/s 


which is the same as previously obtained, based on dimensional 
terms of horsepower values. 


nVN ; : 
= 7. ean also be transformed in still a different 
way. For example, for radial-flow turbines we can express the 
discharge 


The value n; 


Q = V2 V 29H X tBD 
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taking the cylindrical area of the runner diameter D instead of the 
circular area. Here B represents the height of the guide case. 
B can be expressed in terms of D, viz.: B = aD. This would 
change the formula for n. by substituting for V* the value aV,’, in 
which @ again represents an important design feature. 


Thus 


ne = 16.925 -u? Ve VaVe + VKy/r* W(29)3 
and ; 


VV aV,* 


Ne =u" -Ve° 
Similarly we can express the discharge Q of an impulse wheel. 
— 
Q = V.? V 29H — 
4 
in which d represents the jet diameter, and V,* the coefficient of 
velocity of the jet, and since the ratio of jet diameter to wheel 
diameter is a characteristic feature of an impulse wheel, we can set 
d = aD, so that V*? = aV? 


Thus 


“oy e: \ asV 3" V Ky r v (2g)3 


n. = 16.925 


all as per the general formulas, and 


n7 = u® Ve WV aeV?’ 

The conventional term n,* or “specific characteristic’? would 
apply to any dimensional system, and its adoption would permit 
of its separation into the fundamental characteristics of speed 
discharge, efficiency, and the principal design feature of ratio of 
diameter to height of guide case for radial turbines, or jet diameter 
for impulse wheels. 


EXAMPLE 
English Metric 
n. = 100 n, = 441.4 
Then specific characteristic 
100 . 
n* = ——————. = 0.8933 (English) 


16.925 X 6.6123 
or 
441.4 
16.925 X 29.191 





= 0.8933 (metric) 


which is now the same value in both systems. 

Since the specific characteristic is the product of three rati 
or coefficients, it can be expressed as a percentage by multiplyi: 
the value defined above by 100. This would change the value 
given in the above example to 89.33, which is but little less than t!. 
value n. or specific speed now used in our English dimensional sys- 
tem. 
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The Characteristic Coefficients for 
Hydraulic Machines 
By BRUNO ECK,' AACHEN, GERMANY 


WO objections may be raised against the use of the character- 
istic (or specific) speed as a basis for comparing water turbines, 
centrifugal pumps, and other hydraulic machinery. These are 
1 The characteristic speed is not non-dimensional, which is de- 
sirable neither from the practical nor the theoretical point of view, 
as it is particularly troublesome to have to work with dimensi 
constants when comparing tests for which results are given i” 
different systems of units, e.g., British and metric; and 
2 It does not indicate the fundamental relationship that exists 
between turbines, centrifugal pumps, airscrews, screw propellers, 
windmills, ete. 
The purpose of this note is to point out this fundamental rela- 


= & 





1 Aerodynamic Institute. 
Reprinted from MercHANICAL ENGINEERING, September, 1926, PP 
949-950. 
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tionship and to derive non-dimensional coefficients related to the 


characteristic speed from physical considerations. 


CHARACTERISTIC SPEED OF HypRAULIC TURBINES AND CENTRIFUGAL 
Pumps 


“Turbine runners of different types may possess characteristics 
of power, speed, dimensions, and operating head which vary widely. 
lo make available a common basis for comparison, the value des- 
ignated as ‘characteristic speed’ is used. The characteristic speed 
of a runner (sometimes designated ‘specific speed’) is the speed in 
r.p.m. which a model of a runner would have if operated under a 
head of 1 ft., this model to be reduced proportionately in all di- 
mensions from the original model until it will develop 1 hp. under 
| ft. head.’’? 

Since the angles of the buckets of a runner are fixed, the linear 
peed of the bucket should at all times bear a constant relation to 
the linear velocity. The r.p.m. (n) of a runner is therefore pro- 
portional to WH, where H is the head in feet, and the speed at 
| ft. head (= n/VH n,) is called the unit speed. The power 
f a runner (N) is a function of the pressure and quantity of the 
operating water, and is therefore proportional to H K V H, and 
the power of a runner at 1 ft. head is equal to V/HV H, and is 


called unit power (V),). 


lhe characteristic speed n, min N, 
VN/HVH X VH 
nV N/H°4 


For centrifugal pumps the formula is 


n. = 8.9nVQ/H3/4 


where Q is the weight of water discharged. 
lf nm, is held constant, the efficiency of the turbine or pump 
remains constant, or is a function only of the characteristic speed. 
In considering efficiency for geometrically similar machines, the 
Reynolds Number should theoretically be a constant. But this 
refinement in the application of the laws of similarity is scarcely 
mportance in practical engineering. 


SIMILAR 
It 
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COEFFICIENTS FOR ALL HypropyNAamMic MACHINERY 


would appear that similar non-dimensional coefficients should 
y to all forms of hydrodynamical machines, since the funda- 
mental physical action is always the same: momentum is always 
received from solid bodies and delivered to liquids or gases, or re- 
ceived from liquids or gases and delivered to solid bodies. 

In the theory of airscrews and of ship propellers two non-di- 
mensional coefficients are employed: 


wee . thrust 
Coefficient of thrust: ¢ ~ 


dynamic head X area 


— — forward speed 
2 Coefficient of pitch: A Bnew Sn. nnn 





rotational speed 


We shall investigate whether analogous coefficients may be de- 
rived for turbines. 
COEFFICIENTS FOR AXIAL-FLOW MACHINES 
| 


the hydraulic turbine, then, it follows by analogy that if 


g acceleration due to gravity in ft. 

7 specific weight in lb. per cu. ft. 

H = head in feet 

Q quantity of water discharged in cu. ft. per sec. 
n r.p.m. 

Cu forward speed 

v peripheral velocity, and 

D diameter of runner, 


then the coefficient of thrust may be written as: 


* Marks’ Mechanical Engineers’ Handbook, p. 1151. 


That is, the coefficient of thrust is of identical form 
acteristic speed is again inversely proportional to the 
ov’. 
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yH 29H 
= ede 
2 x =Cu* ” 
g 2 
The following relationships also obtain: 
( u 60 uw? 
Cn = . D=--—; and 


—v=H 
g 


T nw 
“ D? 
(The coefficient \ will be discussed later.) 
Making 


appropriate substitutions, 


mr? xX g® X 604 XK H3 CH3 
y?> X 8? X nt X x : v*()°n4 





where C is a constant. 


Taking the characteristic-speed equation of the centrifugal pump 


and substituting, we find 


240 * 10!! 


ne* 


ov? = 


The characteristic speed is thus seen to be inversely proportional 
to the fourth root of ov?. 


COEFFICIENTS FOR RapIAL RUNNERS 


In similar fashion it is possible to introduce a coefficient of thrust 
for radial runners. In Fig. 1 we have a radial wheel and an axial 
runner of the same out- _ 
side diameter. If the “i 
two discharge the same 
weight with the 

















same 
head, 
CmtbD = Cm —D? 
4 
and 
,° 
Om . D m 


These two runners 
have the same coefficient 





of thrust, and we have only to make appropriate substitutions for 
the radial runner to obtain 





yH vH D?H 
Gg = = = 
: v ; b\2 ’ 8b2c.n2 
— Cm" — 16{—) c,” 
29 29 D 
Writing 
60 2 
c,taD =Q; D= ~ =~ and A y= HF. 
n 7 gq 


gives 


_ 7°9°604H® 
7°8Q?n‘14 


240 X 10! 


+?2net 





and the char- 
fourth root of 


THREE PossIBLE NoN-DIMENSIONAL COEFFICIENTS 


It is possible to write down three non-dimensional coefficients: 





C/em; C/u; and ce:/u 
ms — 7D wy 
li C= V 29H, Cai = , and % = $0” these coefficients 
y 


T 
— D2 
4 
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become 





C\* 29H 
Cm! Cat" 


Hg 


9 


u* 


Coefficients of thrust 





x 
II 


és Oe 


Coefficient of pitch 
u 


- \.v ; ms 
Since A = y —, only two of these three coefficients can be written 
o 


down independently. 
Q/(rD?/4) and u = 


If we select o and v, we get (since cm, = 
anD/60): 
7?H D* 
= *—— 
8Q? 
and 
g 60?H 


~ 2 n2D 
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A non-dimensional coefficient which shall fully determine the 














characteristics of a turbine should not contain the term D. Such 
a coefficient is ov?, since 
rg604H® 240 X 10" 
ov = ————— = — 
8Q)?n‘24 ns‘ 
It may be convenient to use an expression [ 
i 
— 
P | 1 Ns 
f= @— = —— 
\ ov? 2210 
The advantages of using ov? are, first, that it is non-dimensional, ‘ 
and secondly, that it relates all types of hydrodynamic machinery. 
This should be particularly valuable in the case of the Kaplan In 
propeller turbine. ve 
Whether it is expedient to introduce this non-dimensional coeffi- pre 
cient is ultimately a matter for practical engineers to decide. be 
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Rack Structure and Headgates of Cedar Creek 
Hydroelectric Station 


Details of the Design of the Rack Structure and of the Type of Head Gate Adopted for the Water Intake 
at This Station of the Duke Power Company on the Catawba River, Near Great Falls, S. C. 


By W. S. 


O A CONSIDERABLE extent the successful operation of a 

6 tte plant depends on the layout of the penstock in- 

take, which for heads between 50 and 120 ft. is usually formed 

in the concrete masonry of the power-house bulkhead. To pre- 

vent floating debris from entering the intake the practice is to 

provide a steel rack in front of the entrance to the intake, and to 

be able to close the penstock inlet in case of emergency, or for 
making repairs to the turbine, a gate is installed. 

In August, 1926, the Duke Power Company completed construc- 

tion of its Cedar Creek Station on the Catawba River near Great 


r — ————— — —————— = 
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View oF Power-Hovuset FoREBAY 


Falls, S. C., having an installation of three 19,000-hp. turbines 
operating under a head of 60 ft., and this paper describes the design 
of the rack structure and the type of head gate adopted for the 
water intake. 

THE Rack STRUCTURE 


The rack structure forming the upstream portion of the power- 
house bulkhead contains twelve rack sections 9 ft. 3 in. wide by 
39 ft. high, which are built of structural steel and arranged in a 
vertical position. As shown on the sectional plan of intake, 
Fig. 2, there are four sections in front of the water inlet to each 
turbine, and grooves are provided for the insertion of stop logs 
to take care of unwatering and permit of the inspection and occa- 
sional painting of the steelwork. 

Considering the large capacity of the turbine, the spacing of 
the 6-in. wide by */s-in-thick rack bars is made 4'/, in. on centers. 
The length and number of rack bars used were governed by following 
requirements: 

| The velocity of water through the rack openings should 
hot be more than 2.5 ft. per sec. when the turbine is delivering 
18,000 hp. at 0.9 gate opening and under a head of 60 ft., calling 
‘or a discharge of 2970 cu. ft. per sec. at 89 per cent guaranteed 
efficiency. 

2 The maximum length of the rack bars should not exceed 
the rolled length of the merchant bars, and the cutting of them to 
the required length should be a minimum so as to eliminate waste 
Ol material. 


Vice-President and Chief Engineer, Southern Power Company. Mem. 
A.S.M.E. 

Contributed by the Hydraulic Division for presentation at the Spring 
Meeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, of Tue 
(AMERICAN Society oF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 


LEE,' CHARLOTTE, N. C. 


The frame for each rack section is built up of heavy structural- 
steel members riveted together in the manufacturer's shop so as 
to facilitate their erection in the field. Slotted angle irons 
are riveted to the intermediate horizontal beams of each frame and 
a slotted spacing plate to the horizontal top beam of the frame. 
In the field the.rack bars are then inserted into the slots of the 
spacing angles and plate and fastened at the top and bottom as 
shown in Fig. 3. A bent slotted spacing plate is riveted to the 
top connection for the purpose of providing a guide for the hand 
rake. It will be noticed that, with the exception of the cutting to 
the required length, the rack bars do not require any shop work. 
There are 24 rack bars in a frame, and each set of bars was shipped 
to the site in a bundle weighing 7200 lb. 

The rack structure is designed to withstand hydrostatic pres- 
sure against its covered upstream face due to extreme high water 
and considering the penstock intake unwatered. In this case 
the steelwork will be stressed to its elastic limit. All the steel 
work is covered with two field coats of Valdura asphalt paint. 

THe HeEADGATES 

Each penstock intake is divided into two openings by a 5-ft- 
thick partition of concrete masonry. These openings are con- 
trolled by rectangular gates of the butterfly type, 17 ft. 9 in. wide 
by 24 ft. 9 in. high, each having in the center a cast-steel girder 
3 ft. in depth and 2 ft. 8 in. in width, with bronze-bushed trunnions 
2 ft. 4 in. in outside diameter and 20 in. in length at each end. 
The wings of the gate are of cast iron and are attached to the 
center section by eighteen shrink links of 2'/:-in. square section 
and T-headed at each end and twenty-four 2'/,-in. machine bolts. 
A built-up cast-iron wall frame with cast-iron pillow blocks and 
cast-steel sole plates which rest on a grillage of I-beams embedded 
in the concrete masonry is provided for each gate. 

The upper portion of the gate, which has no direct contact 
with the seat on the wall frame, has beveled surfaces, and bronze 
seals attached to the wall frame are provided to secure water- 
tightness of the gate. 

The gate is designed to operate against a maximum head of 
water of 48 ft. above its center line of rotation acting on the up- 
stream side with no back pressure on the downstream side. The 
distance between the centroid of water pressure and the center 
of rotation is slightly larger than is necessary to overcome the 
calculated friction in the trunnion bearings, and in addition 1-in. 
deformed steel bars are cast into the pocket of the lower wing which 
is to be filled with the necessary concrete after erection of the gate 
so as to cause the open gate to close if the operating mechanism 
is disconnected. The general design of the gate and wall frame, 
including its sealing devices, is shown in Fig. 5. The connecting 
rod, consisting of a 9-in. extra heavy lap-welded wrought-steel 
pipe, has a cast-steel pin-connecting piece attached to each end; 
the lower pin connection is bronze-bushed and fitted with a 4!/.- 
in-diameter steel pin for attaching to the gate and the upper pin 
connection is slotted for and equipped with a 4!/:-in-diameter 
steel pin with a 4-in. allowance for overtravel. This device forms 
part of an arrangement by which a buckling of the connecting 
rod is prevented when the gate is reaching its lowest position, 
as will be more fully described later. A cast-steel crosshead 
moving vertically in a cast-steel crosshead guide anchored to the 
concrete work of the intake forms the connection between the 
9-in. steel pipe and the 5-in. outside-diameter steel screw stem of 
the operating hoist. 

As shown in Fig. 6, the gate is operated by an individual, com- 
pletely enclosed hoist located on top of the intake structure above 
the extreme highwater level. Referring to Fig. 7, the screw stem is 
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SECTIONAL PLAN oF INTAKE 
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Fie.4 View or ASSEMBLED GATE IN MANUFACTURER'S SHOP 
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Fic. 5 Lonoirupinau SecTion THrouGH GATE AND Detain oF WATER 
SEAL 


raised or lowered by means of a manganese-bronze operating nut 
which is keyed to a cast-steel bevel-gear drive so arranged that the 
nut can slide upward in the bevel gear in case the limit switch con- 
trolling the downward stroke of the screw stem fails to operate. 
A nest of heavy steel coil springs will then resist the upward travel 
of the nut and gradually create the necessary overload, causing 
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An allow- 
in. for overtravel on the upward stroke is made by 
proportioning the length of the screw stem and crosshead guide. 
The 9-in. steel-pipe cover for the screw stem attached to the top 
' the gear housing is provided with a gate-position indicator. 

Direct-current, 230-volt, electric power is supplied for the 
operation of the hoists. Each headgate motor is completely 
enclosed and has a starting torque of 500 ft-lb., decreasing im- 
mediately to 380 ft-lb. during 600 revolutions, the running torque 
being 125 ft-lb. The operating mechanism is designed to open 
or close the gate in approximately eight minutes, and it is capable 
veloping an upward lift of 150,000 lb. and a downward push 
of 50,000 Ib. in the vertical screw stem. A weatherproof push- 
button control station is provided for each hoisting mechanism 
on top of the bulkhead, and a non-weatherproof control station 
on the power-house benchboard for distant closing of each gate. 


i tripping of the overload release switch of the motor. 
15 
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Fic. 8 View or Gate Hoist on TESTING BLocK IN MANUFACTURER'S 
SHOP 


The emergency push-button control on the benchboard is provided 
to take care of a possible runaway of the turbine, as the operating 
hoist is designed to close the gate under the condition of full dis- 
charge of water flowing through the passageways of the turbine; 
normally the gates are operated from the control station on top 
of the bulkhead. 

A 30-in-diameter bypass is provided in each intake for filling 
the flume before the headgates are opened and the turbine started. 








Comparison and Limitations of Various Water- 
Hammer Theories 


Confirmation of Accuracy of Elastic-Water-Column Theory by Experimental Test Data—Charts for 
Graphically Solving Problems of Maximum Pressure Rise with Uniform Gate 
Motion and Complete Closure 


By RAY 8S. QUICK,' SAN FRANCISCO, CAL. 


HIS paper makes a general comparison between the principal 

theories and formulas for water hammer produced near the 

outlet of « closed conduit by closure of the discharge orifice 
or gate. 

The accuracy of the elastic-water-column theory is emphasized 
and confirmed by experimental test data, and charts are given for 
graphically solving problems of maximum pressure rise with uniform 
gate motion and complete closure. 

Water-hammer theories advocated during recent years may be 
divided into two classes: those which consider the elastic properties 
of the water and conduit walls, and those which neglect elasticity 
and instead treat the water column and pipe as rigid and apply the 
laws of motion direct. 

The comparison of these theories will be made in the following 
general terms. 


NOMENCLATURE 


a = velocity of pressure wave along pipe, ft. per sec. 
A = cross-sectional area of pipe, sq. ft. 

b = thickness of pipe walls, in. 

d = inside diameter of pipe, in. 

E = Young’s modulus for pipe walls, lb. per sq. in 
g = acceleration of gravity, ft. per sec. per sec. 

h = pressure rise or excess head above normal, ft. 


hmax = pressure rise of instantaneous closure = aV0/g, ft. 
H, = initial steady head near gate, corresponding to Vo, ft. 


k = bulk modulus of elasticity of water, lb. per sq. in. 
‘max V 
K = pipe-line constant = a = ey = Rho (P) of Allievi 
1 = length of any uniform section of pipe, ft. 


L = length of pipe from gate to forebay or other point of 
relief, ft. 


N = time constant or number of 2L/a intervals in time of 
closure = aT'/2L = Theta (@) of Allievi 
Sub (n) = designation of the interval, measured in steps of 2L/a 


seconds from start of gate closure when applied 
to terms h, P, V, and @. Refers also to physical 
pipe-line section characteristics A, a, and l. 


P h gh 
P = pressure rise as a proportion of hmax = —>- = —> 
al 0 al 0 
g 
Qo = initial steady flow in pipe prior to start of gate closure 
corresponding to Ho, cu. ft. per sec. 
T = time of gate-closure travel, sec 
Vo = velocity in pipe near gate, corresponding to Ho and Qo, 
ft. per sec. 
V. = velocity in pipe near gate at any time designated as 


n, ft. per sec. 
= a summation of consecutive like terms, in steps of 

2L/a each, back from point under consideration to 
start of closure. Refers particularly to 2(P), as 
in Equation [7] 

cory initial gate-opening factor, where Vo = qo V Ho 

¢. = proportion of initial gate factor ¢o, at any time des- 
ignated as sub (n). 


t4 
i 





1 Engineering Department, The Pelton Water Wheel Co. Assoc-Mem. 
A.8.M.E. 

Contributed by the Hydraulic Division for presentation at the Spring 
Meeting, White § Sulphur Springs, W. Va., May 23 to 26, 1927, of Tae AMER- 
ICAN Society OF MecuanicaL Encinerers, 29 West 39th Street, New York. 
All papers are subject to revision. 


THE Evastic-WaTeER-COLUMN THEORY 

The elastic-water-column theory, which considers the elasticity 
of both the water and pipe, and which most accurately interprets 
experimental data, has been investigated and reported in detail 
by Joukovsky,? Allievi,? N. R. Gibson,* R. D. Johnson,® and W. I 
Durand.® For the present comparison, an ideal pipe line of the 
following characteristics will be assumed, the limitations imposed 
being discussed later. 

a Without friction to flow. 

b Of uniform diameter, thickness, and material. 
Without branches, standpipes, or other special features. 
i Travel of pressure waves without loss in velocity or amplitude 

and with perfect reflection at gate and forebay. 


Joukovsky found that the pressure rise on instantaneous closure 
was proportional to the initial velocity destroyed and to the elas 
ticity of the water and pipe walls, and was expressed by 

aVy 
i. = — | 
g 


This pressure rise traveled to the forebay and back, in time 2L « 
and then was converted into a subnormal wave of the same mag 
tude which in turn made a round trip to the forebay before re- 
conversion into a supernormal pressure wave identical with th. 
initial one. 

Gradual gate closure may be considered the equivalent of a series 
of consecutive instantaneous closure movements, each producing 
a pressure wave proportional to the velocity destroyed, and trave!- 
ing between gate and forebay; the summation representing the net 
pressure change at any time. Thus the pressure will continue tv 
rise at the gate in direct proportion to the velocity destroyed unti! 
reflection occurs after 2L,/a seconds to modify the total, in the 
manner expressed by 


hn hea-1 = —(Va-: s 2h , ; 


which designates the rise in pressure during any interval of time 
of 2L/a seconds. 

The summation of these increments expressed by Equation |2], 
from the start of gate closure to the end of the nth interval, may 
be secured by adding, as follows: 


a . . . . > . 

hy ho = —(Vo V;) Qh for first interva 
g 

eo: : 

heo—h, = —(V;— V2) — 2h, for second interva 
g 

oe . F ssi, ; 

hg — he = —(V2— V3) — 2he for third interval! 
g 

ees 

he —ha-1 = — (Va-1 — Vn) — 2hn .for nth interval 
g 





adding, 


h.—Ie = = (Ve—V.)— Ble +h Hho +... +hn-1), 00 
g 





? Proc. Am. W. W. Assn., 1904, p. 341. 

3’ Theory of Water Hammer. Translated by E. E. Halmos, 1925 
4 Trans. A.S.C.E., vol. 83 (1920), p. 707. 

5 Trans. A.S.C.E., vol. 79 (1915), p. 277; also vol. 83 (1920), p. 754. 
6 Hydraulics of Pipelines, 1921. 
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gJ 
As the pressure rise starts with gate travel, 4) = 0. When 


full closure is reached, Va = 
instant of complete closure is 


0, so the final pressure rise at the 


hn | 22 (An -1) 


In other words, the final rise equals the rise of instantaneous closure 
less twice the summation of the rises existing at all previous intervals 
measured consecutively backward in steps of 2L/a each. Closure 
in one interval or less reduces 2(hn— 1) to zero, making hn = Aas: 

‘The pressure rise hn may be determined for any proportion of the 
nth interval by determining 2(h, —1), by adding the preceding rises 
measured for the same proportion of each interval or, in other 
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Fic. | Pressure-Rise-Tiwe Cuart Ssowina EFFrect oF VARIATION 
IN VALUE OF K 


Uniform gate motion and complete closure in two intervals.) 


words, measured back in steps of 2L,/a each from the point under 
consideration. 

Equation [3] contains two variables, h and V, and therefore re- 
quires a second and independent relation for a solution; this being 
determined from the law governing the discharge from an orifice, 
expressed As 
+ hs 


i, . [5] 


V.= Vobaw 


By combining Equations [3] and [5], and eliminating V,, there 
results 


|Ho + hn 
hn = aay — 2 (he -1) —haarda a — 
D ss } a ha 
viding through by h,,,, and writing — as P,, 


bmax 


P, = 1—25—¢, V1 + 2KP, .. [6] 


Collecting, squaring, and solving for Pa, 


P, = 1—25 + @K + odnV1 + 2K(1—23) + @72K?... [7] 
lhe minus sign only should be used before the radical as the plus 
Sign may make P, greater than unity, which of course is contrary 
to fact and to Equation [3]. 

Equation [7] is the general formula for calculating the pressure- 
rise-time curve for any gate motion and initial conditions, based 
on the elastic-column theory. Uniform gate motion is an average 
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general case and permits expressing @ in terms of N, making a 
chart solution simple. Any non-uniform gate motion may be 
determined to suit a special case, and Equation [7] applied direct. 
The characteristics of the pressure-rise-time curves as a solution 
of Equation [7], for the special case of uniform gate motion and 
complete closure, are indicated by Figs. 1 and 2. The first con- 
siders closure in two intervals, with various values of K from 
zero to infinity, while the second considers K as always unity and 
closure from instantaneous to an infinite number of intervals. Each 
figure represents a family of curves and shows the influence of 
initial conditions upon the form of the curve. 

The maximum rise in pressure is often of more importance to the 
engineer than the form of the curve producing it. For closure in 
two intervals as in Fig. 1, this maximum occurs at the end of the 
first interval for all values of K from 0 to 0.64, during the second 
interval for all values from 0.64 to 2.05, and on complete closure 
for all greater values, reaching a maximum value of unity for P 
when K is infinite. These maximum values may be confirmed by 
differential calculus by finding values of @ and K which satisfy 


2 


. Of wa ; — ; 
the relation vr = (0. The practical application of this method to 


the third and later intervals is quite tedious as the term 2 enters. 
Fig. 3 shows only the maximum values of P, for uniform gate motion 
and complete closure, and therefore becomes a general chart for 
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(Complete closure with uniform gate motion. 


Fia. 2 
K = 1.) 


the graphical solution of such problems. It covers closure from 
instantaneous to fifty intervals, and values of K from 0.07 to 40, 
which should be ample for the great majority of practical cases. 
If the chart be extended to the left to K = 0, P approaches 1/N 
as a limit. If it be extended to the right indefinitely, P approaches 
unity as a limit. Extended downward, P finally becomes zero. 
A study of Fig. 7, mentioned later, is of great interest in this 
subject of limiting values as N is increased. It is apparent that a 
high-head plant with K less than unity will experience maximum 
water hammer at the end of the first interval, while a low-head 
installation with K greater than unity may not reach the full pressure 
rise until some later interval. Therefore retardation of the rate of 
closure of the gate, near final closure, may reduce the maximum 
rise in a low-head plant and be of little or no assistance in a high- 
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head installation, depending upon the number of intervals for gate 
travel. With closure in a constant number of intervals, the pressure \V 
rise becomes greater in proportion to the initial head as K in- ‘ 
creases, indicating that water hammer becomes more important a lj 
relatively in low-head installations. The rate of travel of the pres- by a 
sure rise a may be determined for steel pipe from Fig. 4. ~ 
Allievi’s’ chart for maximum pressure rise with uniform gate = but 
motion and complete closure, based upon the elastic-water-column 3 t] 
theory, appears in slightly modified form in Fig. 5. The solid lines z hy 
indicate the ratio of the total gate pressure to the initial head, while 3 A 
the dotted lines show the interval as well, where the maximum E 000 dift 
pressure is first reached; this being of importance in determining . par 
the approximate form of the pressure-rise-time curve and the > fon 
. . . . > 
proportion of the maximum reached in the case of partial gate 9 and 
closure. The value of a for use with Fig. 5 may be determined for 2 T apy 
— 
steel pipe from Fig. 4. T the 
| 
5 F 2000, —t_4_} 1 | 7 i } the 
CaaS CoREUE AS Ratio of Diameter to Thickness of Pipe by 
As the more generally known approximate formulas fail to check yg. 4 Cuart SHowine VeLocity oF TRAVEL oF Pressure Wave 1S rivi 
each other and the elastic-column formula as well, except in isolated Exastic Water CoLuMN Sec 
cases, it is of interest to compare them in general common terms s 4660 4660 Eq 
to fix their limits of safe use. ee VieM Wit fe 
; ; - , 1+ — 1+ —— 
H. C. Vensano,® basing his conclusions on the work of Joukovsky,? + + i005 
conformed to the elastic-column theory with the exception that where € = velocity of travel of pressure wave, ft. per see. 
3 . > . . . = bulk modulus of elasticity of water = 294,000 lb. per sq. in a 
no allowance was made for the change in discharge and velocity E = Wenna’s eedeien ter pins eels @ 90,400,008 Ib. per on, is. 200r% 
for steel ; 
b as d = inside diameter of pipe, in. 11 
7 Theory of Water Hammer, L. Allievi. Translated by E. E. Halmos, b = thickness of pipe walls, in. lalr 
925. ot Cee “a 2 
* Trans. A.S.C.E., vol. 79 (1915), p. 289. due to the variation in total head at the gate. In other words, se 
* Proc. Am. W. W. Assn., 1904, p. 341. Equation [5] would be modified to read Vn = Voda. This coincides [9 “ 
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theory only when \ He 


or when K = 0, and is approached 
as a limit in very high-head in- 
stallations. With uniform gate 
motion and complete closure, the 
maximum rise in pressure is given 
by Vensano as 
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Conversion into terms of P and 
\ reduces [8] to 
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ij NOT 
. M. M. Warren,'® on the as- 
imptions of uniform pressure 
rise during the first interval of 
losure and absence of subnor- 
mal reflected waves at the gate, 
leveloped the following expres- 
on for maximum pressure rise. 
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Fig. 5 ALLrevi CHART FoR DETERMINATION OF Maximum ToTAt PrEssuRE aT GATE WITH UNIFORM GATE 


When N is large compared with 
ty, this further reduces to the 
it of P = 1/2N, which is half the value given 
by Vensanos’ Equation [9]. 
The rigid-water-column theory neglects elasticity 
but considers the influence of the pressure rise upon 
the total head and discharge at the gate. It has 
been investigated by Allievi,!! R. D. Johnson,” 
A. H. Gibson,'* and others, and is found in many 
different forms. The work of R. D. Johnson!® is 
particularly interesting as it develops not only the 
formulas for the form of the pressure-rise-time curve 
and its maximum, but also the limits of accurate 
application in comparison with the elastic-column 
i theory; setting forth the principal information in 

the form of charts. This theory may be expressed 
y two simultaneous equations, the first being de- 
- rived from the force equation of motion, and the 
pcond from the discharge from an orifice as by 
Eq lation [5], as follows: 


L dv 
> eee 
_ g dt 
a Trans. A.S.C.E., vol. 79 (1915), p. 238. 
Hal lheory of Water Hammer. Translated by E. E. 
4aiIM0Os, 1925. 
vords, Do rans. A.S.C.E., vol. 79 (1915), p. 277; also vol. 83 
920), p. 754, 


ides Oe 
new 3 ‘* Hydraulics and Its Applications, 1919. 


Motion AND COMPLETE CLOSURE 


[Solid diagonal lines give ratio (Ho + h)/Ho; dotted lines (numbered S; to S:7 from left) give interval in which maxi- 
mum pressure is first reached 
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(Conditions: a = 3000 ft. per sec.; Vo = 10 ft. 


er sec.; L = 4500 ft.; Ho = 1500 
ft.; 2L/a = 3sec.; K = aVo/2gHe = 0.3 


;N = aT/2L = 2and 5.) 
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4 

rise-time curves for sudden and gradual gate closure, and the elastic- 

column theory of Equation [7], is shown in Figs. 11, 12, and 13, rm t—A 

the gate calibration being shown by Fig. 10. The agreement in ©, d 

all cases is so close as to establish the accuracy of Equation [7] for & 

Z| the conditions of this particular pipe line, and to exclude the ap- S 
‘ proximate formulas. 8 
The calculations of the theoretical pressure-rise-time curves : | 
\ for Figs. 11, 12, and 13 were made from Equation [7] as follows: _ | 
S Fic. 11: This is a condition of practically instantaneous closure, = 
; thus establishing the maximum at /max for the full interval less = 
. the time required for gate closure. Therefore -209 -1__L 
ont bw in oe a a 74.6 ft. . es ataaea 
qd 32.4 Fic. 12) Water-HAMMER StupiEs, BiG CREEK EXPERIMENTAL PENSTOCK, 
j SouTHERN CALIFORNIA Epison Co. 
Fic. 12: This is closure in less than one interval, thus reaching = [Conditions: Ho = 301.6 ft.; L = 3060 ft. of 2.06-in. (I. D.) pipe; 2L/a = 1.40 sec.; 
: a. - . al T = 1 sec. (uniform—see Fig. 10); Qo = 0.0257 cu. ft. per sec Record at gate. | 
hmax On complete closure and maintaining it until reflected waves 
appear at the end of the interval. +80 
During closure, Equation [7] reads: ra 
. 
P, = 1+ o2K — @: V1 + 2K + o2K? gre 
$ 
45 With K 0.25, @ from Fig. 10, 7 = 1.00 see., and 2L/a = 1.40 8 
SEC se 
K { (sec 0.25 0.50 0.75 1.00 1.40 ad 
IA ® 0.82 0.60 0.34 0.00 0.00 & 

l+.2K 1.168 1.090 1.029 1.000 1.000 5 
06 1+2K+¢:2?K? 1.542 1 522 1.507 1.500 1.500 Time in Seconds 
t oV1+2K+o2K? 1.015 0.741 0.417 0. 000 0.000 Fig. 13 Water-HAamMMER StupigEs, Big CREEK EXPERIMENTAL PENSTOCK 
el rca eas 7 - 150. 0 249 - - 612 1.000 1.000 7 SoUTHERN CALIFORNIA EDISON Co 

; im ped tg = {Conditions: Ho = 301.6 ft.; L = 3060 ft. of 2.06-in. (I. D.) pipe; 2L/a = 1.40 sec., 

it 151 Py 22.4 OL. 4 92.4 151 151 7 3 sec.; Qo 0.0257 cu. ft. per sec. Needle travel uniform (see Fig. 10).] 

After closure of gate, P» 2E (as da = 0), and After closure, P,; = 1—2>. The wave is symmetrical for subse- 
4) ae 1 65 1.90 215 2 40 2 s0 quent intervals, the ordinates being the same in steps of 2L/a, 

2z 0.300 0.698 1.224 2.000 2.000 but alternately of opposite sign. 

ro l os 0.700 0 302 —(). 224 — 1.000 —} 000 

ft - 151 P, 106 45.6 33.8 a tee 151 n (interval) third ——___——_—_-> fourth 
t (sec 3.30 3.70 4.20 4.40 
i Che wave is symmetrical for subsequent intervals, the ordinates 22 0.818 0.946 1.124 1.282 
ws being the same in steps of 2L/a but alternately of opposite sign. Py = 1-22... - oo 0.054 — 0.124 — 
Fic. 13: The time of closure in this case is over two intervals, ae © anes one wis oe — 
re SO Amax 1S not reached. During closure, CONCLUSIONS 
2 
rf P, = 1—25 4+ 2K —on V1 + 2K(1 — 23) + on2K? (Eq. [7]) In conclusion, the elastic-water-column theory provides an 
accurate method for investigating pressure rise in a closed conduit, 
a With T = 3.00 sec., 2L,/a 1.40sec., A = 0.25, and @ from Fig. 10, for any known gate-closure characteristic. Approximate formulas, 
though accurate in certain specific cases, 
” — i: ci an af gay a a ae should not be used for general problems, as 
ae ¢ (Fiz. 10) 096 O89 O78 063 0.565 0.465 0 30 011 0.00 the charts of Figs. 3, 4, and 5 are available 
2 0.000 0.000 0.000 0.000 0.066 0.180 0.370 0.642 0.716 for the accurate determination of pressure 

1-22 1.000 1.000 1.000 1.000 0.934 0.820 0.630 0.358 0.284 rise with uniform gate motion and complete 
16 TOE 0.230 0.198 0.152 0.099 0.080 0.054 0.026 0.003 closure. The principles of the elastic-water- 

1—25 + $,2K 1.230 1.198 1.152 1.099 1.014 0.874 0.656 0.361 . column theory may be applied as well to 

2K(1—23) 0.500 0.500 0.500 0.500 0.467 0.410 0.315 0.179 .. the investigation of pressure drop in a closed 

1 + On°K?... Be 1.068 1.050 1.085 1.025 1.020 1.014 1.006 1.001 conduit accompanying gate opening; the 

1+ 2K(1—22) + ¢,2K? 1.558 1.550 1.538 1.525 1.487 1.424 1.321 1.180 3 “Rha 4 

sch | 5 ME - (algegien. S work of Allievi,“* Durand,'’ and Kerr'$ 
71 9V1+ 2K(1—2D) + ¢,2K? 1.197 1.108 0.967 0.778 0.689 0.555 0.368 0.120 f a = ‘ 
lj Se ABs te Pies = penis ae ce being of particular interest. 

P,, 0.033 0.090 0.185 0.321 0.325 0.319 0.288 0.241 0.284 The limitations imposed in establishing 
aI. hy (ft.) = 151 Pp. 5.0 13.6 27.9 48.5 49.1 48.2 43.5 36.4 42.9 the characteristics for the ideal pipe line 
“ should not materially modify or influence the practical hydraulic- 
ate power pipe-line problem. Friction is most always a negligible factor 
sa . and may be disregarded when smali in proportion to the total 
ity, E head. It is difficult to accurately consider its influence as it is 
ted 5 distributed along the pipe line. However, Gibson!” and Durand!5 
ual $ have discussed a way in which it may be approximated by as- 
ate 8 suming the friction head as proportional to the square of the ve- 
nad locity in the pipe at the point under consideration. This may be 
ear included, in this manner, in Equation [5], and thus introduced into 
2N, E Equation [7]. 

. ot ‘ It has been customary to consider a pipe line of several diameters, 
thicknesses, etc., of characteristics , A:, and ai, as the same hy- 
a . Time in Seconds 2 Theory of Water Hammer. Translated by E. E. Halmos, 1925. 
‘Ia. 11 WarTer-HAMMER Stupies, Bie CREEK EXPERIMENTAL PENSTOCK, 16 eng Lice bine P ‘ks D ial : i 
ee “ Soa CALIFORNIA nag o. si aii, a Flow, nELA tone. ydraulic Lurbine Penstocks Due to Acceleration H 
Te 0.04 vee: Os O.neT si. gnc one ai ers 17 Trans. A.S.C.E., paper No. 1439, vol. 83 (1920), p. 724. q 
ure- | 7 
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draulically 


A, and a, by making the following substitution: 
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the variety of possible physical characteristics, it is difficult to es- 
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data are available concerning the in- 


Due to 
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tablish any general conclusions for the purposes of the present paper. 

The damping or attenuation of pressure waves should be of little 
consequence for closure in a few intervals or less, as of interest in 
hydraulic-power-plant studies. The amount depends upon the 
pipe line and initial condition. Here again test data must be 
studied to establish analytical factors as to damping along the pipe 
line and reflection at the ends. 
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The Strength of Pipe Flanges 


Approximate Methods of Determining Strength—Proposed Formulas for Strength and Deflection of 


Rings 


Recommended Proportions of Flat Rings—Proposed Method for Determining Strength 


and Deflection of Hubbed Flanges—Tests on Hubbed Flanges—Recommended 
Proportions of Hubbed Flanges 


By EVERETT O. WATERS! ano J. HALL TAYLOR? 


Hk subject of piping for steam, water, and other fluids has 
attracted an increasing amount of attention of recent years, 
both from manufacturers and Not only have the 
properties of the various available materials come under review, 
but the proportions of the pipe itself and the various fittings used 
, assembling it have been subjected to close study with a view 
to improvement wherever possible. 


users. 


Higher pressures and tempera- 
the familiar demand of the large users of piping—have led 
to careful studies of piping layouts and design preliminary to 
construction. At the same time there is an insistent call 
or uniformity and simplification, lest the development of new 
styles of fittings to meet new conditions should lead to wasteful 
multiplication of parts carried in stock as ‘standard.’ 

In the field of flanged fittings much has been accomplished in 
standardization, but apparently little has been known and less 
published in regard to the actual strength of the flanges, or as to 
whether the proportions agreed upon as “standard” are really 
the best, from the standpoint of strength and economy, for the 
designated purpose. The American Spiral Pipe Works has there- 

indertaken a study of this subject, and the present paper 
will show (1) the results which have been obtained, as far as flat 
rings are concerned, and (2) an extension of the theory 
to include flanges with hubs, with accompanying tests. 


tures 


actual 


flanges Or 


\PPROXIMATE METHODS DETERMINING 


FOR STRENGTH 
1--Crocker and Sanford, in a leaflet entitled Initial Fibre Stress 
in Stone Flanges, have analyzed the flange as a beam, loaded 
direction by the tension in the bolts, and in the other di- 
rection by the compression of the lapped-over end of the pipe. 
\t any axial section of the flange, such as A-A, Fig. 1, it is assumed 
hat there is a bending moment induced by that portion of these 
mds which bears on the flange either to the right or left of the 


cutting plane, and, according to the simple theory of flexure, this 
nay be equated to the product of the modulus of section A-A 
and the unit stress in the fiber most remote from the neutral axis. 
The moment due to the bolt load is, according to this theory, 
equivalent to the moment of a single force concentrated at the 


{ gravity of the semi-bolt circle, and the moment due to 
ion from the end of the pipe is likewise taken 


moment of 


as the 
a single force concentrated at the center of gravity 
semi-circular pressure area (shaded in Fig. 1). This is 
obviously an extension of Bach’s approximate method for the 


rength of flat cireular plates supported at the edge.’ Bach's 


oWn criticism of the method—that it presupposes a uniform distri- 
Dut the bending moment over the width of the section, and 
heglects the fact that there are radial as well as hoop stresses 
applies with equal force when a solid plate is replaced by a ring. 

> a method has the obvious advantage of simplicity; ft uses 
no complicated formula that must be taken on faith by the person 
Who « ploys it, but is based on a well-known theory that has met 
the test of experience in countless structural applications. It 
also indicates that the stress is a maximum at points where tests 
hav sometimes shown that failure actually does start, i.e., at 
‘, Fig. 1. However, as was just stated, certain facts are neglected. 
For one thing, the only direct stress that is considered is a hoop 
Stress, although a common-sense point of view would indicate 

‘Assistant Professor of Mechanical Engineering, Yale University, New 
Haven, Conn. Assoc-Mem. A.S.M.E. 

: President, American Spiral Pipe Works, Chicago, Ill. Mem. A.S.M.E. 
ae ; Bach, Elastizitit und Festigkeit, 5th ed., p. 593. ; 
Sick "Geet by the Power Division for presentation at the Spring 

hg ite Sulphur Springs, W. Va., May 23 to 26, 1927, of THe 


ag AN SocieTY OF MECHANICAL ENGINEERS, 29 West 39th Street, 
“New York. All papers are subject to revision. 


that the bending action at any section, such as ekfghij, must induce 
radial stresses of tension above and compression below the neutral 
axis. Moreover the stress is supposed to be uniformly distributed 
over the width of the section, whereas tests show that the stretch- 
ing, and hence the stress, differs at: the two circumferences of the 
ring. The theory also presupposes that there is no change in the 
shape or position of section A-A under load, whereas the sym- 
metry of loading indicates that there must be some distortion of 
this section. That is, if the section ekfghij (Fig. 1) bends down 
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PLAN AND ELEVATION OF FLANGE 


under load, the section A-A must bend also. Finally, as J. R. 
Tanner has pointed out, “If a split flange was used there would be 
no moment of resistance at the split, yet the split flange is used 
successfully, and frequently under trying conditions.” 

II—As a substitute for the Crocker-Sanford method, Tanner 
has proposed that the flange be considered as made up of a number 
of sectors, and that when loading is applied these sectors remain 
in position at their outer edges, but are deflected at their inner 
edges in the direction of the pressure from the pipe end. Each 
sector is thus a cantilever beam with a depth equal to the thickness 
of the flange and a length equal to the distance from the bolt 
circle to the point where pressure is applied, i.e., some arbitrarily 
chosen point in the shaded area of Fig. 1. The combined width 
of all the sectors is simply the circumference of the bolt circle. 

Here again the simple flexure theory is used, but the conditions, 
when compared with those of the Crocker-Sanford method, are 
exactly reversed. The stress is now all radial, and no hoop stress 
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whatever is considered. Obviously, the method does not work 
when hubbed flanges are used. Crocker has suggested that this 
difficulty can be overcome by assuming that the sectors are fixed 
at their inner ends—which is to a large extent true, due to the 
very powerful strengthening effect of the hub—and deflect at the 
outer edge. The net effect of this modification is to substitute 
the circumference of the hub at the outside (or the raised male 
if that is greater) for the circumference of the bolt circle. 

III—A third method appeared in The Locomotive of July, 1905, 
published by the Hartford Steam Boiler Inspection and Insurance 
Company. This article, while it purported to treat only of mouth- 
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Fie. 3 STRESSES IN STEEL RING 


piece rings of vulcanizers and similar vessels, applies equally well 
to pipe flanges of any shape. The analysis is briefly as follows: 
The flange is divided into sectors, with one bolt hole per sector 
(see heavy dotted outline abcd, Fig. 1). The forces acting on 
the sector are (1) the bolt pull, (2) the compression of the pipe 
end, and (3) normal stresses of varying magnitude at the two 
faces ab and dc; and, since the sector is in equilibrium, the sum 
of the moments of the components of all these forces equals zero, 
when taken about any axis whatever. By making one or two 
assumptions, such as that the section efghij does not change shape 
under load, it is proved that the normal stresses at the faces ab 
and cd are proportional to their distance from the “neutral plane’’ 
C-C through the center of gravity O, just as in a beam subjected 
to bending. Therefore, by taking for axis of moments the line 
B-B through the center of gravity O, an equation is set up between 
the “external” moments due to bolt pull and pipe pressure on the 
one hand, and the “internal” moment due to the varying stresses 
at ab and cd on the other. From this equation, which is analogous 
to the flexure formula for beams, the hoop stress may be calculated 
for any point in the flange. 

It will be noticed that this method has one point of superiority, 
in that it recognizes that the deformation of the flange under load 
is in the nature of a dishing rather than bending; but it assumes 
a rigidity of cross-section and absence of radial stress, both of 
which are contrary to fact. 
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As might be expected, the three methods do not give the same 
results when applied to the same problem. For example, assume 
that a 14-in. flange for a Van Stone joint has the following dimen- 
sions (see Fig. 1) :4 


ef = 4°/s in. fg = 55/sin. ‘ 
e7 = 2'/g in. hg = 1'/, in. ; 
Diameter to k = 17°/s in. 
Bolt-circle diameter = 20'/, in. Number of bolt holes = 20. I 
Bore = 14'/, in. Bolt-hole diameter = 1!/, in. Load on each 


bolt = 6940 lb. 


Then according to the Crocker-Sanford method, 


: , 20] 20.25 
Bending moment = 6940 X —— 
us 








-_ 


2(17.375% — 14.253) | 
37(17.375? — 14.25?) 
97,100 in-lb. 

Section modulus (at section through bolt holes) = 14.75 in.‘ 
Maximum stress = 6580 lb. per sq. in. 


II 


According to the Tanner method (modified as suggested by Crocker 


; ; 20.25 — 17.375 ; 
Bending moment = 6940 x 20 |——-5—— ]_ = _ 199,500 
in-lb. 


Section modulus (at outer circumference of pipe end, k) 
41.1 in.’ 
Maximum stress = 4860 lb. per sq. in. 
According to the method published in The Locomotive, 








Moment of external forces per “section” = 
7 Q"F OF 
20.25 17.375 + 14.25 : 
694( 2 = 15,400 in-lb. 
: er 
; ; 21 14.75 
Section modulus (at section through bolt hole) = a Sees 


20 2 
= 2.32 in.’ 
Maximum stress = 6630 lb. per sq. in. 

The stress by the Tanner method is low, evidently because the 
extreme fibers of the high hub are not brought into consideration; 
the other two methods agree very closely in their results—in fact, 
the detailed calculations show that they are practically identical; 
although they approach the solution from totally different angles, 
the approximations and adjustments in each case are such as to 
bring them into line with each other. 

After the foregoing review, it seems clear that a better analysis 
of flange stresses is demanded which will (1) give due consideration 
to both radial and hoop stresses, and (2) incorporate a load-de- 
flection relation as well as a load-stress relation, so that tests can 
be checked and the formulas verified. Presumably, if the load- 
deflection relation agrees with load-deflection results given by the 
testing machine, the load-stress relation will be correct. With 
this premise, the classical method of Winkler and Grashof*® for 
flat circular plates has been adapted to the problem in hand, and 
some very interesting results obtained. The solution for flat 
rings is first submitted, after which are given the results of tests 
and the modification for hubbed flanges. 


PROPOSED FORMULAS FOR STRENGTH AND DEFLECTION OF RINGS 


For the sake of simplicity, the following approximations’ are 
made which may be corrected later, if desired, by supplementary 
analysis: 
1 The bolt load is distributed uniformly over the circumference 
of the bolt circle. 
2 The proportions of all commercial rings are such that the l 





ome % . ° . . ford 
4 This size of flange was used as an illustration of the Crocker-Saniore 


method in the pamphlet by those authors, previously cited. 

&’See Bach, Elastizitat und Festigkeit, p. 567. Féppl (Vorlesunge? 
iiber Technische Mechanik, III, p. 273) follows a different treatment, but 
reaches identical results for the special cases that are worked out com 
pletely. See also Timoshenko and Lessells, Applied Elasticity, p. 260, for 
a treatment of the subject in English. 

®In addition to those assumed by Grashof, e.g., straight lines perpe™ 
dicular to the meridian section before flexure remain straight and perpe? 
dicular after flexure, and stretching of the meridian section is neglected. 
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bolt load W (Fig. 2) is applied near the outer edge and the pipe 
load W’ is applied at or near the inner edge; hence the stresses 
and deflections are sensibly equal to those that would be produced 
by loads P and P’ at the outer and inner edges, respectively, P 
and P’ being equal to Wb/(r; ro). In other words, the principle 
of equivalent couples, Wb and P(r; ro), 1S used. 

The following symbols are used in solving the problem: (see 
Figs. 2 and 20). 


b = radial distance from bolt circle to center of pressure 
of pipe end, in. 

EK = Young's modulus, lb. per sq. in. 

es = axial strain, in hub portion of flange 

er = radial strain, in plain ring or ring portion of flange 

e: tangential strain, in plain ring or ring portion of flange 

e,’ = tangential strain, in hub portion of flange 

f = radial distance from neutral surface of hub to random 
point a’, in. 

g = thickness of hub, in. 

4h = distance from end of hub to random point a’, in. 

h, = distance from end of hub to meridian section of ring, in. 

i = radial distance from neutral surface of hub to outside 
of hub, in. 

K =r1/r0 

Ky = 71/To 

l = perpendicular distance from meridian section to ran- 
dom point a 

Vv = loading moment, in-lb. 
P(r; ro) 
Pro( K, — 1) 

M moment of axial stresses in hub, for a sector of unit 
circumferential length, lb-in. per in. 

M moment of radial stresses at junction of hub and flange, 


acting on a sector of unit length, at the junction, 
lb-in. per in. 
1/m = Poisson’s ratio (0.3 for steel, 0.25 for cast iron) 


n slope of meridian line at point c (Fig. 2) or O (Fig. 20) 
P effective load, lb. 

Dr axial stress, lb. per sq. in., in hub portion of flange 
Dr radial stress, lb. per sq. in. 

Dro radial stress, Ib. per sq. in., at the virtual inside edge of 


ring or flange, where r = ro and! = t/2 
tangential stress, lb. per sq. in., in plain ring or ring 
portion of flange 


p.’ = tangential stress, lb. per sq. in., in hub portion of 
flange 

Pi = tangential stress, lb. per sq. in., at the virtual inside 
edges of ring or flange, where r = ro andl = t/2 

R = radius of curvature of meridian line CC’, in. 

r = radius to intersection of meridian surface of ring with 
normal cone containing random point 4, in. 

r, = outside radius of ring, in. 


inside radius of ring, or virtual inside edge of hubbed 
flange, in. 
= shear, lb. per sq. in. 
= thickness of ring, in. 
W = W’ = actual bolt load, lb. 
r = radius to neutral surface of hub, in plane normal to 
axis and containing random point a’, in. 
= deflection of ring, measured at the meridian section 
at radius r, in. 
= total deflection of ring, measured at the meridian 
section, in. 


1 The tangential strain at a random point a is 


9 dy\ 4 
7 2e(; - a) — l dy 


2rr r dr’ 
the radial strain is 


R+l1 
R 





ap — ?) 
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hence the expressions for tangential and radial stresses at a are, 
from the theory of elasticity: 








mE mEl [m dy 4 d*y 
——_ (me: + er) = WL - £ 

P m? ] - m? 1 \r dr dr? - 
mE mEl d*y 1 dy 
pe = ———— _ (Me; + Ci) = me > +-— 
m | m? — | dr? r dr 


2 Consider the loads acting in a radial direction on the small 


element at a, whose height is dl, radial length is dr, and tangential 
length is rde; their sum, equated to zero, and neglecting products 
of differentials is 
f - ‘ 
Ip ds ) de 
=. epee a 0 
dr dl r 
s being the unit shear at point a. 
3 Substituting the values of p: and p, in this equation gives 


ica we (fe ey LB 
m? 1 \dr’ 


r dr? r? dr 
which when integrated gives 





mE [dy 


m?— 1 \dr' 


ld*y 1 dy\i? 
r dr? r?dr/2 





+A 


At the surface of the ring wherel = + t/2, the shearis zero. Evalu- 
ating the constant A by means of this fact, the equation for the 
unit shear at any point in the ring is 


oe ph (41S -1 ee 
s(m- 


1) \dr’ rdr* r'dr 


4 The total shearing force over the conical section of the ring 
which contains point a, is the integral of 2arsdl between the limits 
t/2 and —t/2, and this is also equal to P; hence there is obtained 
for the general equation of the meridian line CC’: 

d*y 1 d?y 1 dy 


6(m? — 1)P 
dr r dr? 


armEt®r 


r? dr 


5 In the process of solving this equation, three constants of 
integration appear. These are evaluated by the fact that y = 0 
when r = 7, pry = O whenr = r, and pr = 0 when r = 1. The 
final equation for the elastic curve CC’ is then obtained. By 
successive differentiation, and substitution in the formulas for 
P:, Pr, and s, equations are obtained for the stresses and shear at 
any point, in terms of the load P, the radial distance r to the point, 
and the perpendicular distance /, from the meridian section to the 
point. 

These equations are rather lengthy and are of no particular 
importance here, but are included in an appendix for reference 
purposes. Attention is called to Fig. 3, in which the meridian 
line, normal stresses at the surface, and shear at the meridian 
section, have been plotted to scale for a steel ring of the dimen- 
sions indicated, under a loading of 100,000 Ib. at the rims. Young’s 
modulus is taken as 30,000,000 Ib. per sq. in., and Poisson’s ratio 
as 0.3. These curves indicate that: 

1 The deflected surface of a ring of commercial proportions 
is very nearly a true cone. If the outside diameter is much greater 
than the inside, this is not true, and calculations show that each 
surface has both convex and concave curvature with lines of 
inflection. 

2 The radial stress is comparatively small and does not ap- 
preciably affect the strength of the ring. 

3 The maximum shear and maximum tangential stress occur 
at the inner edge, and fall off rapidly toward the outer edge, where 
the tangential stress has only about one half its value at the inner 
edge. 

4 The tangential stress at the inner edge is the real determining 
factor in the strength of the ring. 

The results that are of most value are the formulas for the maxi- 
mum stress (p: at the inner edge) and the total deflection (y when 
r =n). They are, when E = 30,000,000 lb. per sq. in. and m = 
10/3: 
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from formula [2], it may be assumed that the theory underlying both 
formulas [1] and [2] is nearly enough correct for practical purposes, 
and that formula [1] will give the maximum stress that actually does 


occur in the rings. 


534 
2 858. K,* logy Ay 0.1169 (1] 
no = - - - + 0). ) ae 
i tro( Ay 1) kK; l * 
0.000000285.M ro | Ay? (logie Ay)? ‘ 
yi =- fro | Kat : + 0.0644 (Ay? — 1) ].. [2] 


No theory is worth the effort required to develop it if it does not 








t®(K, — 1) Ky; 


Ik 


VALIDITY OF PROPOSED FORMULAS 








‘igs. 4-16. 
Tanner to the Working Committee of Sub-Committee No. 3 on 
the Standardization of Pipe Flanges and Fittings, 


The comparison between theory and experiment is shown in 
» 


The first six (Figs. 4-9) tests were reported by J. R. 


in November, 


An An 
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bear the test of experiment. In the present instance some rather 1923. In the set-up for these tests, load was applied to the inne! 
bold assumptions were made which could hardly expect to pass edges of the rings by a “supporting ring,’’ whose outside diamete! 
unchallenged, and it would be folly to claim that the theory is corresponded to the outside diameter of the small tongues that 
perfect. It might even be doubted whether it has any superiority would be standard for the pipe sizes in question; the opposité 
over the other theories mentioned in earlier paragraphs, were it load was applied at the bolt circle to “bearing beads” or }utton® 
not for the fact that formula [2] checks strikingly with the results inserted in the bolt holes. The deflections were measured in suc? 
of tests that have recently been made on flat rings. Inasmuch a way as to include the crushing of the spherical faces of the ‘}earit 
; as the deflections obtained in these tests agree with those calculated beads” and the bearing surfaces of the “supporting ring,” and al 
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in the case of the 16-in. rings, included the spring of various parts 
of the testing machine itself. For these reasons the test points 
do not coincide with the calculated line, but, when they once 
straighten out, a very close parallelism is indicated, proving the 
validity of the theory as far as stress-strain relations are concerned. 
In plotting the lines, formula [2] was used to obtain the theo- 
retical deflection at the outside diameter; this was then reduced 
in the ratio 6/(r ro) (see Fig. 2) to obtain the deflection at the 
bolt circle, on the assumption that y is proportional to r — 1. 

Realizing that comparatively little experimenting had hitherto 
been done and that there was much to be learned about the sub- 
ject, the American Spiral Pipe Works conducted a series of tests 
in July, 1924, under Mr. Taylor’s supervision, on 6-in. flanges 
with the drilling and outside diameter the same as the 250-lb. 
standard. In an attempt to make the conditions of the tests 
as close as possible to those existing in the field, the rig shown in 
Fig. 17 was made up; in this arrangement the flange was supported 
by alloy-steel bolts, the nuts at the lower end engaging the back 
of the flange and those at the upper end bearing on a ring which 
received its support from the lower platen of the testing machine. 
The pressure ram with a slot across the bottom for the gage bars 
Vis placed on top ol the flange and engaged the face of the latter 
about the same as a gasket when in actual use. 

Special care was taken to make the strain as nearly as possible 
equal on all bolts; this was done after putting a load of 10,000 Ib. 
on the pressure ram, A micrometer gage was attached to the lower 
gage bar, which rested on the face of the flange at points close to 
the inside edge; another gage bar, placed above this, engaged the 
face of the flange at the outer rim, and carried a pin which operated 
the micrometer, thus indicating the deflection of the flange from 
the original plane of the face, between the outer rim and the points 
where the inner gage bar rested. The flanges were loaded and 
deflections noted at intervals of 20,000 Ib.; each reading was taken 
twice and the load was reduced to zero each time, before putting 
on the next increment. 

It will be noted that one source of error in the previous tests 
has been eliminated, by using gage bars that have no connection 
with any part of the testing machine and therefore indicate cor- 
rectly the deflection of the test specimen and nothing else. Figs. 
10-12 show the results of these tests, as far as the flat rings are 
concerned, and it will be seen that the observations are consistent 


with the theory. 

In order to furnish further data on the subject of stresses in 
flanges, and check the formulas being developed by Mr. Waters, 
a new series of tests was made during July, 1926. Fig. 18 shows 
the set-up and method employed in running the tests. The flange 
Was supported at each bolt hole by hardened steel plugs, the bearing 
point of each plug being a 1'/2-in. steel ball. This allowed the 
flange to be supported uniformly on a series of points each of which 
Was exactly on the bolt circle, and was a decided improvement 
over the bolt supports that were used in the 1924 series, inasmuch 
as all possible constraint was removed from the free deflection of 
the flange under load. To facilitate rapid change of the flanges 
in the testing machine each pressure plug with its ball and support 
was enclosed in a light sleeve made of several thicknesses of tin plate; 
this held the parts in alignment, yet allowed for deflection. Load- 
ing was applied to the face of the flange through a pressure ram 
sunilar to that used in the previous tests. An initial load of 4000 
lb. was first applied, to assure a firm setting on which to base the 
reading; the loads were then increased in steps of 20,000 Ib. and 
deflection readings taken at each increase. After each load was 
applied, a reading was taken at 4000 lb. to determine the permanent 
set. 

Rings 1-6 of this series were tested with full-length outside gage 
bar, as indicated in Fig. 18 (a); for rings 7 and 8 this was changed 
- shown in Fig. 18 (6), where the gage bar is shown resting on 

sin. X '/sin. X 1'/:-in. keys whose outer edges are flush with 
the bolt circle. This gave a direct reading of the deflection at 
the bolt circle. However, inasmuch as both calculation and 
micrometer measurements of the deformed surfaces of tested 
Tings showed that these surfaces are to all intents and purposes 
perfect cones, it is not believed that this change makes any ap- 
Preciable difference in the value of the final results. In all cases 
(Figs. 13-16) the calculated line has been adjusted to indicate 
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the deflection at the same points at which the gage bars were 
applied, using the relation y/(r — ro) = constant. 

In the 1926 tests an effort was made to ascertain what effect, 
if any, the bolt holes had upon the strength of the rings. Rings 
were prepared without standard bolt holes, but drilled with !/,-in. 
holes merely to line up the centering plugs, and these were tested 
in comparison with other rings of the same dimensions and having 
standard bolt-hole drilling. Apparently there is no marked 
difference in strength at loadings within the limit of proportion- 
ality, but above this point the rings with full-sized holes showed 
a tendency to fail at lower loads than those with the small holes. 
This can be explained on rational grounds, remembering that in 
the theoretical ring, without holes and loaded at the inner and 
outer edges, the stress is a maximum at the inner edge and falls 
off rapidly toward the outer edge. Such a ring, when stressed 
above the elastic limit, changes its rate of deflection very slowly, 
because comparatively few fibers are overstressed; the full-size 
bolt holes, on the other hand, raise the stress at the bolt circle 
to a value comparable with that at the inner edge, so that, when 
the elastic limit is passed, a larger number of fibers are overstressed 
and a sharper change in the rate of deflection takes place. In 
other words, the transition from elastic to plastic deformation is 
more definite and complete. 

In explanation of the charts, it should be stated that the straight 
lines have been made to terminate at the load which gives, by 
computation, the yield point that was determined for the ring 
in question by a separate tensile test on a sample coupon taken 
from the same billet. The straight lines should therefore end, 
if the theory is correct, and neglecting any change in elastic limit 
due to working the material from billet to final product, at the 
same load at which the plotted points begin to show a deviation 
from the proportionality law. For the 1926 tests the value of 
E was taken from the tensile tests on the sample coupons and 
ranged from about 27,000,000 to 32,000,000 lb. per sq. in.; in 
the remaining cases no specific data were available and E was 
assumed as 30,000,000 Ib. per sq. in. 

After the flanges were tested a straight edge was placed across 
the face in order to determine its shape and it was found to be a 
perfectly straight line from the outside to the inside edge. But 
to further check this in a more accurate manner, the flanges were 
set up as shown in Fig. 19. A surface gage was used and the flange 
was tipped up on one side by means of a set screw and nut until 
the surface gage showed no variation between the inside and out- 
side edge of the face. The surface gage was then run in a straight 
line over the face and readings taken every quarter of an inch. 
The gage did not show any appreciable variation and thus proved 
the surface of the flange to be dished in a straight line from the 
inside to the outside edge. 


{ECOMMENDED PROPORTIONS OF FLAT RINGS 


The determining factors in proportioning rings for piping and 
pressure vessels are, first, outside diameter of pipe, and second, 
fluid pressure within the pipe. Furthermore, examination of the 
stress formula [1] on the preceding page shows that economy o! 
material is secured by using thick, narrow rings rather than thin, 
wide rings. Therefore it is recommended that the following 
method be used in designing rings, wherever existing standards do 
not already apply: 

1 Select arbitrarily a bolt diameter, and determine the number 
of bolts such that the total safe load equals the sum of the load 
due to the fluid pressure and that due to the desired gasket pres- 
sure. Ordinarily the number of bolts will be a multiple of 4. 

2 Determine the bolt-circle diameter, such that (a) bolt holes 
are at least 2'/, diameters apart, measured center to center; and 
(b) ample nut clearance is provided, for use of socket or open-end 
wrenches. The first of these provisions will prevent excessive 
stress concentration between the bolt holes. 

3 Determine the outside diameter of the ring, making it no 
larger than necessary to secure full seating of the bolt heads and 
nuts. 

4 Determine the ring thickness from Equation [1], using the 
working strength of the bolts to obtain the moment M, and the 
working strength of the ring material for po. 

Any pair of rings designed in this manner will be economical of 
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material, and at least as strong as the bolts holding them together. 

PROPOSED METHOD FOR DETERMINING STRENGTH AND DEFLECTION 
oF HuspBpep FLANGES 

Consider the flange of Fig. 20. It consists of a ring of cross- 

section ABCD, and a short tube of cross-section AEFG. It may 

be assumed that the ring is loaded by a force P at the outer edge, 
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provided we assume that a numerical value for » can be found. 

The analysis for plain rings has also shown that at any given 
distance from the axis of the ring the radial and tangential stresses 
are zero at the meridian surface, and vary directly as their distance 
from that surface. The moment of the radial stresses, acting on a 
sector of a ring whose circumferential length is equal to unity 
at the place where the stresses occur, is therefore [f#/6 X prli=t/2 


an equal and opposite force P at the neutral axis of the tube (which 





300.000 


At point O, Fig. 20, this 


Zin nnn 


is the previously mentioned moment 


























dishing of the ring. The tube, on the other hand, is subjected 
to no external force, but withstands an equal and opposite moment 
at O, tending to crimp it into the form shown in the figure. 

The radial and tangential stresses p, and p: and the shear s 
in the ring ABCD are related by the same general equations as 
before and the differential equation for the meridian line is un- 
changed. To solve this equation, three constants of integration 
must be evaluated. Two of these are obtained from the fact that 
y = Owhenr = 7, and p, = Owhen r = ~. The third may be 
obtained from an arbitrary equation, dy/dr = n when r = 1, 
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is the virtual inner edge), and a moment at O tending to resist acting on the ring portion of the flange, whose section is ABCD. 


We therefore have the relation Mo = pwt?/6, where Mb is the 
external moment acting on a sector of the ring portion whos 


circumferential length is unity at point O. Since pio can be evall- 


ated in terms of particular values of y and r, and the unknow! 
slope n, this equation gives one relation between Mb and ». | 
remains to find an additional relation between Mb and n, in terms 
of known quantities, in order to get numerical solutions for M 
and n and hence for the equations for y, pr, and p:. This is done 
by analyzing the stress conditions in the tube or hub portion, ! 
the following manner: 
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1 The tangential strain at a random point a 


comparison with the radius; 





: mE mE m dx 
pe = = mer’ + en) - cio (x — ro) f and 


m? m2 ro * dh? 


mE - mE Ge . & To 
pr = ——— (mer + e.’) = ———— mf — + - 
m?* l , l dh? To 





2 Consider the cone whose axis is the axis of the flange, and 
whose surface contains point a’ and is normal to the inner and outer 
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1924-1926 
ings Nos. 8 and 9, 1926. Rings 10%/4 in. I. D., 17'/2 in. O. D., 17/s in. 
thick No. 8, 16 '/¢in. holes on standard bolt circle; No. 9, standard drilling for 


surfaces of the hub at the lines of intersection. The axial stresses 
across the conical surface are partly tensile, partly compressive; 
but their sum is zero. From this fact may be derived an expression 
he location of the neutral surface of the hub: 
qg Zt Tr 
a ae 


mri , 
dh 


3 The moment of the above axial stresses, for a sector of the 
hub of unit circumferential length, taken about the neutral surface, 


__ mE _ dx 
M - if =. m d*x 
-f- paidf = ~-12(m? — 1) dh? 


Che tangential force acting on one of the faces of the above 
Se, tT; . f 


, of unit length in the axial direction, is 


A ‘ 

— Eg(x ro) 

spi= pray - =” 
i-—g To 


and the entire tangential force, fram.a’ to the lower end of the hub, 


1S 
i ° Eg(x — ro)dh 
h To 


This sector of the hub, of unit circumferential length and 
having a height A, is in equilibrium under the action of two tan- 
gential forces of the above value each, and a horizontal shear at 
the upper end: there are no other forces having horizontal compo- 
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’, Fig. 20, is e:’ = 
(x — 1o)/ro, assuming that the thickness of the hub is small in 
the axial strain is e, = —fd?x/dh?; 
hence the expressions for tangential and axial stresses at a’ are: 
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nents. And the faces of this sector at which the tangential forces 


act, make an angle 1/ro, so small that sia 1/2ro sensibly equals 
1/2ro. Hence is derived the equilibrium equation 


2ro 


P In 
2 * Eg(a — ro)dh ; " 
— —————— = total horizontal shear at the surface 
h To 


through a’. 


6 The above shear, as is well known, equals the first derivative, 
with respect to h, of the moment at the surface through a’; there- 


fore 
2 es Eg(« ro)dh _ dM 
2ro Sh ro dh 


mEg® dx 
12(m? — 1) dh’ 


Upper Flaten of Testing Machine ‘ Yi 
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Fig. 17 


Ric Usep 1n 1924 Tests oF FLANGES 


By differentiating and simplifying, we obtain the general equation 
for the elastic curve of the hub.’ 


diy 12(m? — 1) (x ‘To) 0 
dha (mgro)? 


This requires the evaluation of four constants, for complete 


solution. The fact that x — ro = 0, when h = hi, the moment 
uw = O when A = O, the shear = 0 when h = O, and the slope 
dx/dh = n when h = h, satisfies this condition, again with the 


proviso that a numerical value for n can be obtained. 


However, 
it is also true that M’ = Mb when h 


= h,; in other words, 


m’Eg® dx 
12(m? — 1) dh? h=h 


an equation solvable, for particular values of z and h, in terms of 
n. This gives the second of the two necessary relations between 
M, and n, and the whole structure of equations may therefore be 
solved with numerical answers. 

The most important results are those that give the principal 
stresses at certain definite points, and the deflection of the ring 
portion of the flange, in terms of the load and the known dimensions 
of the flange. These are as follows, when, as previously, E = 
30,000,000 lb. per sq. in. and m = 10/3: 

For the tangential stress at b, Fig. 20. 


M, = 





7 The same type of equation is obtained for a beam loaded at a point 
and resting over its entire length on an elastic support—a somewhat simi- 
lar case. See Timoshenko and Lessells: Applied Elasticity, p. 133. 
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Fic. 19 Trstinc FLANGES For DisHING oF Facer 
For the radial stress at b, 
3.33K,? logio K, aa 0.389(K,? — 1) 
(Ki? — 1)t8D |....[4] 


V reg’ 


2.86M 
ro(K, — 1)e? 








Po = 
4.33K\? + 2.33 + 1.18 


For the axial stress at c, 


Pw = po (t/g)* 
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And for the deflection of the ring portion of the flange, 


0.000,000,285 M,, | Ky(logie Ay)? - 
+ 0.0644(K, l 


-.” (Ky 1)t* K;? l 
a 
0.0911(K,2 — 1) + 1.56 Ki? log Ki + 6.67 AY _ (op ok, 
k,? 
: K;? 1)t°D 
4.33 K,? + 2.33 + 1.18 — 
V rog? 
5 


In the above, D represents a function of the dimensions /,, 
g, and ro, or “form function” for the hub, having the value 


cosh 2C + cos 2C + 2 
. ¥ ‘ 10 
sinh 2¢ sin 2¢ 
where 
4/5/...2 
V 30m 1) _ ih 6 
Bi. Manet. 3 h 1.285 ‘ ‘ 


V mgro V gro 


This is a very awkward function, and the fact that it is an important 
part of an already complicated equation makes its use almost 
prohibitive in practical design. However, an approximation for 
D may be used that is much simpler, and at the same time is fairly 
accurate, as shown by the following table: 


( = D 
hy ’ 
1.285 — D — + 1 
V dro true value Cs 
0 -*) +s) 
1.0 1.971 2? OOO 
1.4 1.187 1.186 
1S 1.036 1.053 
2 3 1.019 1.019 
2 6 1.016 1.008 
, 0 1 O14 1 OO4 
) 1. 000 1 OOO 


In most actual cases it will be found that for both high-hub 
and low-hub flanges, C lies between 1 and 3, in which range the 
approximation is especially close. For welding necks, and pipe 
with solid flanged ends, C = © and the approximation again holds 
good. Only for large-diameter, low-hub flanges for low-pressure 
work, does C fall below 1, and the approximation then errs on the 
Making this substitution in Equations [3], [4], 


— 0.33779" 1.18 
becomes (A, ? 1)t = oh ‘ 
h,® V rg? 


A comparison of Equations [1] with the simple flexure 
formula for beams brings out several In all 
cases the stress is directly proportional to the moment of the ap- 
plied load, and inversely proportional to the square of the depth. 
If the length and breadth of a simple beam are increased in the 
same ratio, while the load and depth remain constant, the stress 
will also remain constant; similarly, if the inside and outside di 
ameters of a flat ring are increased in the same ratio, and dimension 
b (Fig. 2) also increases in this ratio, while the depth and load 
remain constant, then the stress is unchanged. A 5-in. ]0-in. 

l-in. ring loaded with 50,000 Ib. at the inner and outer edges 
has the same maximum stress as a 10-in. X 20-in. X 1-in. ring 
sustaining the same load. In this respect the new formulas corre- 
spond to those developed by both Tanner, and Crocker and San- 
ford. 

When a hub is added to the flat ring, Equation [3] shows that 
the stress is computed by a formula identical with [2], except 
for the introduction of a new term which subtracts a greater oF 
smaller amount from the result according as the hub height ' 
large or small in relation to its diameter and thickness. Ii the 
hub height is zero, the denominator of this new term becomes 
infinite and it vanishes; if the hub height is very great, the term 
approaches a definite maximum value, indicating a stress that 
cannot be reduced by any possible extension of the hub. A similar 
relation holds between Equation [2] and Equation [5], which 
is the same as [2] with an additional term to give effect to the 
increased stiffness caused by the hub. 
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The equations given here represent conditions of stress and 
strain at particular points. General formulas for stress, deflection, 
slope, ete., at any point, are given in the Appendix. The theo- 
retical stresses and deflection for a flange of the same proportions 
as that previously analyzed in Fig. 3, but with a hub added, are 
here plotted in Fig. 21. Note that, although the load is 3'/, 
times as great, the deflection is the same, and the maximum tan- 
gential stress is increased only 13 per cent. 


Tests oN HuBBED FLANGES 


In order to ascertain definitely the great increase in strength 
and stiffness of hubbed flanges over plain rings, the American 
Spiral Pipe Works included low-hub and high-hub flanges in its 
1924 and 1926 tests, previously alluded to. These tests also 
serve as an excellent check on formulas [3] and [5], and the results 
‘e submitted herewith, in Figs. 22 to 29, each figure representing 
the calculated deflection for a certain flange by means of a straight 
line, while the actual deflections as obtained in the testing machine 
are indicated by small dots and crosses. 


a 


The agreement is fully 
as close as for the plain rings, and appears to be a sufficient guar- 
antee that the formulas can be used to design flanges for conditions 
not yet covered by the standards. 


RECOMMENDED PROPORTIONS OF HUBBED FLANGES 


In conclusion, the following suggestions are offered for designing 
flanges with hubs, for cases not covered by existing standards: 
1 Determine the bolt size and number as for plain rings. 


») 


2 Make the minimum bolt-circle diameter such that bolt holes 


are at least 2'', diameters apart on centers, and determine the 


outside diameter as for plain rings. 














Fic. 20 


DIAGRAM OF FLANGE DisToRTED UNDER TEST 


®» Assuming that the flange is a cantilever beam supported 
at the center of pressure of the gasket contact, loaded at the bolt 
circle, and with a width equal to x X diameter at the center of pres- 
sure of gasket contact, compute the necessary thickness t by the 
simple flexure formula. Adjust the bolt-circle diameter, if neces- 
sary, to secure nut clearance around a hub of thickness g equal 
to "ot to */4t, and modify t correspondingly. 

4 Assume a hub height h; = 1.5 reg; examination of the 
equation for p: shows that any increase in h; above this amount 
adds practically nothing to the strength of the flange. It will 
also be noted that this proportion results in making the hub height 


h from 2 to 3 times the flange thickness ¢. Then substitute all 
the assumed dimensions in Equation [3], and make a trial solution 
for po. If this is too great or too small, adjust ¢, g, or Ai until 


the proper stress is secured. 
wan In designing a flanged fitting or welding neck, where the hub not 
; ntorces the ring but withstands internal pressure as well, the total 
fluid se will be the sum of the Stress Po as above, and the stress due to 
ssure as computed by the modified Barlow formula.’ 
——_—. 


*See A.S.M.E. Boiler Code, sec. P-23. 


given conditions. 
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ExampLe: Design a hubbed flange for 12-in. pipe and 600 Ib. 
per sq. in. working steam pressure. 


Assume the following pro- 
portions and values: 


Gasket pressure = total steam pressure 

Working stress in bolts = 14,000 Ib. per sq. in. 

Working stress in flange, maximum = 14,000 lb. per sq. in. 
Diameter of raised face = 15 in. 

Bolt size = 1'/, in., with 8 Am. std. threads per inch 
Bolt-hole diam. = 1%/s in. 


The total steam pressure acting on a 15-in. circle is 106,200 
lb., so that the total bolt load is 212,400 Ib. The number of bolts 
theoretically required is 16.4, which may be changed to 20 so as 
to have a multiple of four. 
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Fic. 21 PiLorrincs oF THEORETICAL STRESSES AND DEFLECTION OF A 


HvuBBED FLANGE 


Twenty 1%/s-in. holes, spaced 2'/, diameters, or 3.09 in., on 
centers, require a 19.7-in. bolt circle; assume a minimum bolt- 
circle diameter of 19''/jg in. The inside diameter of the flange 
will be 12°/, in., to accommodate the outside diameter of 12-in. 
pipe, and the outside diameter of the flange may be made 22 in., 
which will give full seating for U. 8. std. nuts with about 1/32 
in. to spare. 

The center of pressure of gasket contact comes at the middle 
of the raised face, i.e., on a 137/s-in. circle. The moment of load- 
19!1/1, — 137/s 


- 


ing is therefore 212,400 





) or 616,000 Ib-in. 


The width of the so-called “cantilever” is t X 137/s, the bending 
moment is 616,000 lb-in., and the maximum working stress is 
14,000 Ib. per sq. in.; hence, by the simple flexure formula, the 
tentative flange thickness t is 2.46 in. We may now assume a 
hub thickness g which bears some arbitrary relation to the flange 
thickness—say °/st, making g = 19/i5 in. This gives a hub di- 
ameter of 15’/s in., and the distance from outside of hub to bolt 
circle is well in excess of half the bolt spacing, so that there is 
ample nut clearance and space for a fillet at the base of the hub. 

Assuming that h; = 1.5 gro or 4°/, in., and substituting the 
tentative values for loading moment, t, g, ji, etc., in formula 
[3], it is found that the maximum tangential stress po = 9940 lb. 
per sq. in. This indicates that the design is too strong for the 
By rounding off t to 2'/. in. and decreasing 
hy to 2/» in., the stress is increased to 13,130 Ib. per sq. in., and a 





ie 
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design is obtained which approximates the American Standard 
low-hub flange for 600 Ib. working steam pressure. 

Obviously it would be better in the present instance to make 
the flange agree in all respects with the standard, inasmuch as 
a standard does exist for the size of pipe and steam pressure that 
were assumed in the statement of the problem. However, the solu- 
tion is interesting as an illustration of the possibilities of the method. 

Numerous other uses can be found for the stress formula, e.g., 
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user of flanges and flanged fittings, with confidence that they 
will be found useful in many cases that are outside the field covered 
by accepted or tentative standards for dimensions and materials. 

In conclusion, the authors wish to call especial attention to the 
tests carried out by the American Spiral Pipe Works. It is be- 
lieved that they contribute a body of data that is not only unique 
in this field, but is also of broader scope than has hitherto been 
contemplated by manufacturers and users of flanges. It would 
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6-in. 250-lb. high-hub flange), 65/s in. I. D 
12'/zin. O. D., 1'/¢ in. flange thickness, 8'/4 in 
hub diameter, 3!/4 in. overall height, standard 


drilling for bolt holes. for bolt holes 





diameter 250-lb. high-hub flange), 65/sin. I. D 250-lb. low-hub flange bored to 6*/s in He 
12! 2 in. O. ne 17 i¢ in 
in., hub 37/1 in. overall height, standard drilling 


flange thickness, 8'/4 in. I. D., 12'/2 in. O. D., 1'/¢ in. flange thick 
ness, 8'/, in. hub diameter, 2 in. overall height 
standard drilling for bolt holes 


‘Hub about 50 per cent higher than minim 
A.E.S.C. Specifications 
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8'/, in. hub diameter, 2 3/is in. overall height, 


in. flange thickness, 
standard drilling for bolt holes. 


bolt holes. 





125/s in. hub diameter 
23/s in. overall height, standard drilling for 


125/s in. hub diameter, 33/4 in. overall he: 
standard drilling for bolt holes 


! Hub about 50 per cent higher than minimum 


A.E.S.C. Specifications 


Nore: Two distinct plots are due to difference 
in length of outer gage bar for flange Nos. 1 and 2. 


Figs. 22-27 Tests or Huspspep FLANGES, AMERICAN SPIRAL Pipe Works, 1924-1926 


the calculation of the hub thickness and height that will add the 
maximum possible strength to a rig of given diameter, bore, 
thickness, and bolting; the determination of the proper proportions 
for hub height and ring thickness to secure maximum strength 
for a given total weight; comparison of strength of hubbed flanges 
and plain rings of equal weight,. etc. Space permits nothing 
more than a brief mention of these various applications, in a paper 
of this scope; however, they are offered to the manufacturer and 


be possible to make them the basis for an empirical method | 
design, quite independently of the theory that has been develope! 
in this paper. Taken with the theoretical formulas, it is to ) 
hoped that they form a solid foundation upon which future desig 
can be built, corroborating the standard proportions that hav' 
already been adopted or tentatively proposed, and furnishive 


the necessary data for the vast number of special sizes for whit! § 


no standards are being developed. 
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I—FORMULAS FOR PLAIN RINGS 
: : . 3P(m ] 4 
Let the cons ts A’ and A” be determined as follows / —————_ ( + ro? log,ro 2 lo = (r2 — ro?) 
arm 2Et 5 
: K > l + 3m 
{ — log, Ki 4 Ete : 
kK ] 2(1 + m) + B”" log, — 
To 
1” 2(1 + m)K | I 1 P | B’” 
- - — OM: ey = as 4 bl ' ; 
’ 1) (K ] 7 ae (; } a ) + B + - 
nen 
= 1) P d*y 3P(m! l l — B” 
a SE ee + log.r) 4 =e 
rss 1'(K ] log,A) (K 1 dr? rm? Et 2 Ee B r2 
dy (7 1) F : 5 d3y 3P(m? l 2B" 
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ri 2armEt K dr3 amEt 
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Fig. 28—Flanges Nos. 5 and 6, 1926 (Am. Std Fig. 29—Flanges Nos. 7 and 8, 1926 (Am. Std. 
10-1n. 250-lb. low-hub flange bored to 10%/, in.), 10 in. 250-lb. high-hub flange), 103/4 in. I. D., 
103/4 in. I. D., 17'/2 in. O. D., 17/s in. flange 17'/: in. O. D., 17/s in. flange thickness, 125/s 
thickness, 125/s in. hub diameter, 23/4 in. over in. hub diameter, 4'/s in. overall height, 
all height, standard drilling for bolt holes standard drilling for bolt holes. 
Fics. 28 anp 29 Tests oF HusBpEeD FLANGES, AMERICAN SprrRAL Pipe Works, 1924-1926 
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II—FORMULAS FOR HUBBED FLANGES 
Let the constants B’ and B” be determined as follows: 
F 3P(m? — 1) 
2rm?Et8 
[- m — 1) ro? loge ro + 2(m + 1)ri? loggrs + (m at ian) 


(m — 1) ro? + (m + 1) 
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3P mEt 
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M, . (a) 
Also 
m?Eg® d*r _ 
M> Jom? — 1} dh? when h = hu. 


Let the constants C, C’, C”, C’”, be determined as follows: 


. [3(m? -1) 





C= ———— ha, hi being taken as + 
m?g?ro? 
= /12(m? — 1) cos C cosh C 
So -=— a A cha roMy - 7. 
mEg? sinh 2C — sin 2C 
in .. ¥12(m? — 1) sin C cosh C + e* cos C 
( = ro M, 
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d2xr 2¢ ; Ch , C7) E when / S 
—— - eh ( cos ( sin - Cm l di 
dh? / } } 
( Co C} On l ‘ , eosh 2¢ t- eos 2 i. 9 

~i CC’ cos C" sin , Ps ’ M [e} Y. 

( } } )] 3'/am'/2Bg*/2 sinh 2¢ sin 2¢ ] ar 
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dhs j q ’ ar ( COs ~ oak and r, for r, an equation is obtained with p,o and n as unknown quantities. 
Substituting this in Equation [d] gives one relation between Mo and n, 
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Some Uses of the High-Speed Multi-Cylinder 
Indicator 


Particulars of a Simple, Rugged Device for Use on High-Speed Internal-Combustion Engines and Air 


Compressors 


Diagrams Obtained—Multi-Unit Development for Obtaining Diagrams 


Simultaneously from All Cylinders of Engine or Compressor 


By H. M. JACKLIN,' COLUMBUS, OHIO 


HERE being a very apparent need for an indicator that was 
simple, easily used, and which gave records that were perma- 


nent and of immediate use in the development of high-speed 
reciprocating machinery, the author with Mr. C. P. Roberts? started 




















(uTHOR'S SING Unit Hicgu-Sepeep Mvuuti-Cyiinper Inpr- 
CATOR 


levelopment of such an instrument some few vears ago. — It 
that, with the proper driving mechanism, a simple and re- 

-speed indicator such as the Crosby could be made to 
\ccordingly the mechanism as shown in Fig. 1 


such results. 
developed. 


This figure shows the complete assembly of the 
trument with tubes for connecting to the several cylinders ola 
linder engine. There is a small poppet valve arranged 
e cylinder of the indicator and the cylinder of the engine. 
ilve 1s opened for a small interval of time in each cycle of the 
gine, so that a very small amount of gas or fluid may pass into or 
the indicator cylinder in order that the pressure may become 
need. The shaft A of the instrument is ordinarily driven at 
uric speed as the crankshaft of the engine being tested through 
utable positive drive. Eight hundred cycles of a four-stroke 
‘heine are required to obtain a complete diagram, while only four 
hundred cycles are required on a two-stroke engine or an air com- 
pressor. In other words, the resulting diagram shows a composite 
| two hundred eycles for each stroke of the engine. The pressures 
are built up and let down in small increments while the card is 
moved back and forth at a very slow speed. Thus, except where 
the pressures vary greatly from cycle to eycle—as will later become 
apparent—there is no inertia entering into the motion of the pencil 
\ssistant Professor of Automotive Engineering, Ohio State University. 
Mem. A.S.M.E. , 
*Instructor, Robinson Laboratory, Ohio State University. Assoc- 
Mem. A.S.M.E. , 
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mechanism of the low-speed indicator. Nor can any inertia be 
present in the operation of the drum of the low-speed indicator, 
since it is moved at a very slow speed. 

The motion of this drum D is controlled by a string passing over 
suitably located pulleys to the small crosshead at the top of the 
device. This crosshead is in turn controlled by the connecting- 
rod-crank train shown, said crank rotating once for eight hundred 
revolutions of a four-stroke engine and once for four hundred 
revolutions of a two-stroke engine. Since this connecting rod is 
adjustable in length, the ratio of its length to the throw of its 
crank can be made exactly the same as that of the machine under 
test. Further, the crosshead guide may be adjusted to simulate 
the offset in the cylinders of the engine, should the engine be of that 
tvpe. 

The cylinder of the indicator is ordinarily filled with a heavy 
lubricant to reduce the clearance and to provide an effective oil 
seal. The reduced clearance means that only an almost infinites- 











Fig. 2. INpicator MouNTED ON A Four-CyLInNpDER WAUKESHA ENGINE AT 
PuRDUE UNIVERSITY 


imal amount of working fluid need enter or leave the indicator in 
order to balance the pressure, while an effective oil seal is necessary 
since the pencil must be held stationary between the instants that 
the valve is open. 

The graduated disk CD, on which the small crank is mounted, 
and the collector manifold M are provided so that the device may 
be used on a multi-cylinder engine. The disk enables the operator 
to move the small crank so that it simulates any crankpin of the 
engine; while the collector manifold enables him to connect the 
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ralve chamber to the corresponding cylinder by means of the small 
manually operated selection valves SV. 

The hand crank C may be used to operate the crank disk in 
either direction and at whatever speed is desired. In operation, 
this hand crank is pulled or pushed axially so that a slow-speed 
jaw clutch is engaged inside the mechanism. This makes for 
uniformity in results, as the whole mechanism is then driven from 
the machine under test. 

It is apparent that the whole device is rather rugged. In fact, 
it was used to obtain diagrams on a moving automobile at the Semi- 
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tion that is more accurate than can be obtained where the drum 
of the indicator is operated manually, since exact crank-angle 
positions may be shown. Thus, combustion processes may he 
studied with rather great accuracy. Changes in the injection time 
show very clearly, while the variations between cylinders become 
apparent. 

It was hoped to have a photograph and some sample diagrams of 
an installation on a high-speed air compressor. These were not 
obtainable at this time. However, diagrams were successfully 
obtained at speeds corresponding to 2750 to 2960 r.p.m. on an 
automobile engine. In this installation a rather short tube was 
used to connect to the high-pressure cylinder, while longer con- 
necting tubes were used to the low-pressure cylinders. These 
tubes are of commercial copper tubing °/is in. in outside diameter 
and have proved very satisfactory in that installation. 

Fig. 5 comprises part of a series of diagrams showing the action 
of several different fuels in a 2 '/.-in. X 5-in. Delco-Light engine 
running at 1090 r.p.m. The ignition was set to occur 20 deg. in 
advance, and the volumetric compression ratio was 4.47. It will 
be noted that fuel No. 7 shows spikes on its diagrams, indicating 
detonation. It is not probable that all the pressure is shown for 
the peaks of these spikes, due to the inertia of the pencil motion 
With few exceptions these spikes were made with the sampling 
valve open and do not add area to the diagrams. Fuel No. 6 
seems to be particularly smooth-burning, since its combustion lines 
are very smooth. These diagrams bring out one of the features of 
the device. The conventional power diagram is readily recognized 
By simply moving the small crank at the top of the instrument so 
that it is 75 deg. or 90 deg. out of phase with the crank of the engine 
it is possible to obtain the offset diagrams shown. The vertical line 
marked D.C. is the position of the card when the engine is on dead 
center, while the other shorter lines show the 10-deg. increments 
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Fic. 5 D1acrams SHOWING THE BEHAVIOR OF SEVERAL DIFFERENT GaAso- 
LINES IN A SMALL ENGINE RUNNING AT 1090 R.pP.M. 


Annual Meeting of the Society of Automotive Engineers in June, 
1926. Diagrams have been taken from all four cylinders of an 
automobile on the road at speeds up to 25 miles per hour. It was 
not then apparent that any limit had been reached. 


D1aGRAMS OBTAINED WITH DEVICE 


Since the device was described in some detail in the Journal of 
the S.A.E. for June, 1926, it is not deemed necessary to do so in 
this paper. One installation, that on a Waukesha engine at Purdue 
University and shown in Fig. 2, is a very excellent one wherein the 
collector manifold is well located with reference to the cylinders of the 
engine. Fig. 3 shows some very excellent diagrams obtained from 
this engine running at 1200 r.p.m. One of these diagrams is from 
cylinder No. 2, while the other is from cylinder No. 4, of the Wau- 
kesha engine. The engine was operating at less than full load, as 
will be apparent from the size of the lower loops in the two diagrams; 
it should also be noted that the combustion line is rather clear in 
both diagrams, probably showing some of the effects of turbulence 
within the cylinders. 

Fig. 4 shows two diagrams obtained from a two-cycle Diesel 
engine at the plant of the Climax Engineering Ca, Clinton, Iowa. 
These were furnished by Mr. R. F. Gagg, assistant Diesel engineer. 
They have been carefully traced from the original diagrams and 
show the capabilities of the device on such an engine running at 
600r.p.m. The offset diagram at the left certainly conveys informa- 
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Fic. 6 Lower-Loop D1aGrRamMs OBTAINED FROM A Six-CYLINDER ENGINE 
RUNNING AT 1200 R.p.m. 


before or after dead center. This offset diagram makes it possible 
to minutely examine any particular part of the diagram, since the 
abscissas of that part can be increased. In this case the ignition 
line is spread over a horizontal distance of about one inch. The 
small variations shown in this line are due to variations from cycle 
to cycle, which disappear almost entirely when two or more spark 
plugs are used or when considerable turbulence is present in the 
combustion chamber. 

Fig. 6 shows some interesting lower-loop diagrams taken from 4 
six-cylinder engine using a single carburetor and what is considered 
an excellent type of manifold. These diagrams were procured in 
less than ten minutes, the engine running at 1200 r.p.m. at about 
one-third load. Assuming that the charge is heated equally in all 
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cylinders, the volume in the cylinder measured on the atmospheric 
line should be a measure of the relative volumetric efficiencies of 
the several cylinders. On this basis the volumetric efficiency of 
the various cylinders was as follows: No. 1, 60.6; No. 2, 60.6; 
No. 3, 65.7; No. 4, 59.6; No. 5, 58.6; and No. 6, 56.5 per cent. 
The maximum variation was 9.2 points. It is apparent that No. 3 
got the larger charge. Power diagrams showed that this cylinder 
was delivering the greatest indicated horsepower. These lower- 
loop diagrams show the volumet- 

ric distribution very well, while - : 

offset power diagrams would give 
a pretty accurate measure of the 
quality distribution, since lean 
mixtures show a flatter combus- 


tion line than others. All six of * —— sue ao en 

these diagrams show peculiarities | | Intake 
° ee | | 

that are not apparent in the lower Pa | 1 wes 


loops of the two diagrams in Fig. 
3, which were taken on the four- 
cylinder engine. It is manifest 
that there must be some disturb- 
ng factor in the six-cylinder en- 


ne 
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carrying these particular tests further at other speeds and loads, 
as one is left wondering (1) whether these conditions obtain 
throughout the entire range of both speed and power, (2) whether 
they become more aggravating, or (3) whether they smooth out 
and disappear entirely. 

The question of tube lengths will probably be raised as relating 
to the accuracy of the diagrams obtained where the pressures are 
rather high. There is of course some little lag in pressure effect in 
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DEGREES FROM BEGINNING OF INLET STROKE IN N21 CYLINDER 


CRANK-ANGLE DIAGRAMS 


hia. 7 Composire oF VARIATIONS IN PressuRE WITHIN THE CYLINDER OF A Stx-CYLINDER ENGINE RUNNING 
Fig. 7 shows a crank-angle pres- aT 1200 R.p.m. AND ABouT ONE-QUARTER Loap DurRING EXHAUST AND INLET STROKES 
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sure diagram as worked out form the lower-loop diagrams in Fig. 
6, with the several diagrams arranged in their proper order. This 
composite diagram shows that the pressures within the cylinders 
must be affected by pulsations in the manifolds, and that these 
pulsations have a frequency about double that of the cycles, since 
nodes occur in the cylinders at about every sixty degrees. It ap- 
pears, further, that these pulsations act to rob cylinder No. 6 and 
to load cylinder No. 3, with the resulting effects already mentioned 
regarding these cylinders. It is regretted that time did not permit 




















Tue AvutHor’s Mutti-Unir Higu-Speep INDICATOR FOR SIMULTANEOUSLY OBTAINING DIAGRAMS FROM ALL THE CYLINDERS OF AN ENGINE 
OR COMPRESSOR 


a tube of any considerable length. With '/;-in. outside-diameter 
copper tubing considerable lag was observed in lengths above 18 
in. on the Delco-Light engine running at 1200 r.p.m. The 18-in. 
length of tube gave a diagram which was almost an exact duplicate 
of one obtained with a tube 13 in. in length, which was then the 
minimum length that it was possible to use. Since then the assem- 
bly has been changed so that we now use a tube about three inches 
long which has not shown any material variation from the longer 
tube. On a multi-cylinder engine where all tubes are made of 
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exactly the same length and with long, smooth bends, direct com- 
parisons can be made between the various cylinders with the single- 
unit instrument shown in Fig. 1, although the tubes may be long 
enough to dampen out some of the high pressures. The diagrams 
are of course taken from but one cylinder at a time, and some care 
must be exercised by the operator to maintain the conditions con- 
stant during the tests. 


Mutti-Unit Hicu-Speep INDICATOR FOR SIMULTANEOUS USE ON 
ALL CYLINDERS 


Fig. 8 shows a development of the device that presents several 
advantages. It is a multi-unit high-speed indicator wherein dia- 
grams may be simultaneously obtained from all the cylinders of an 
engine or compressor. Its design is such that it can be made to go 
on almost any type of engine. A further advantage is that the 
connecting tubes can be made very short indeed, if not eliminated 
entirely. It will be apparent that it is simply an expansion of the 
instrument shown in Fig. 1, more sampling valves and slow-speed 
indicators being added. A crankshaft is also necessary so that the 
several drums may be in phase with the crankpins of the several 
cylinders of the engine. The control is exactly the same as in the 
single-unit instrument where diagrams could only be obtained 
successively from the several cylinders. Necessarily, such an 
instrument as shown in Fig. 8 must be “tailor made” for a par- 
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ticular engine in order to have the connecting tubes as short as 
possible, and in order to have the sampling valves and indicator 
drums properly synchronized with the cycles of the several cylinders. 
On this account the valve units are made up separately and as- 
sembled between the machined angles as shown, the minimum 
center distance between valves being 3'/, in. In some special 
cases it may be necessary to do away with these angles and support 
the sampling-valve-indicator assembly on its particular engine 
cylinder, as in the case of several high-speed oil engines. 

Fig. 8 shows that each crosshead controls two indicator drums, 
as would be the case in a four-stroke engine. Most two-stroke 
engines would require a crosshead for each cylinder. 

The single-unit device has been used to study distribution of 
mixture, cylinder performance, multiple ignition, and fuels in 
internal-combustion engines; to study a high-speed air compressor; 
and one is now in use on a Diesel engine. It is entirely practicable 
to use the complete device to do anything that one would expect to 
do with a low-speed indicator on a low-speed engine. Actually, 
it is oftentimes easier to use the instrument on a high-speed engine 
than to use the low-speed indicator alone on an engine running 
under 300 r.p.m. In any case, the resulting diagrams show average 
conditions more nearly than is possible by averaging many single 
diagrams, since a composite diagram of many cycles will show 
average conditions with greater accuracy. 
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A Uniform Apprenticeship Certificate for Co- 
operating Groups of Employers 


By WM. 8. 


HE revival of apprenticeship in American industry may be 
said to have passed through two phases and be now entering 
a third. 

First, that of skepticism. Every one associated the idea of 
apprenticeship with the obsolete conditions of the family factory, 
where pride in the craftsmanship of the product existed and where 
a paternal interest was felt in the young men who came to learn 
those painstaking methods of fabrication practiced by the pre- 
ceding generation of workmen. Recognizing that those con- 
ditions had departed forever, it was assumed that they had 
carried with them the trade apprentice. Modern machinery 
and productive methods precluded the continuance of such a 
system, and industry was frankly doubtful of its return. More- 
over, greedy corporations had brought the term “apprentice’’ 
to mean little more than an ill-paid helper. But the economic 
need of better-trained mechanics showed that something had been 
lost in the passing of honest apprenticeship, and a new effort 
was thus forced upon our larger industries. 
that of development. Alteration and evolution of 
plan followed in this phase of progress. Management began to real- 
ize that the new apprenticeship contracts were a practical advance 
upon the old-time indenture—less rigid in their terms, more appeal- 
ing to our young men, more adapted to modern shop conditions, 


Second, 


and having desirable contacts with existing agencies of 


voca- 
tional education. These objections were desirable alike to 
employer and employee, but the specter of costs often appeared 


at the directors’ board. The new immigration laws were a con- 
tinued incentive to find a way of financing an apprentice plan. 
No longer could eager employment managers expect to meet 
their need of expert machinists from the trained output of European 
shops. But realization was also gaining ground that our young 
men could not expect forever to crowd into the congested ranks 
of the engineering professions, and that a larger proportion must 
necessarily find their careers in the expert trades. A dignified 
and remunerative future in industry must be displayed to school- 
boys and their parents so that at least an intelligent choice could 
be made. Otherwise the high-school current would continue 
to carry on to college thousands who there would find themselves 
misplaced. It was felt too, that something must be done for the 
“eliminations,” for that sixty per cent of engineering students 
who are dropped for one cause or another from our technical 
institutions and often are at loose ends with life. 

And here we may be said to be entering the third phase of appren- 
ticeship: that of application. 

We see at the present time in our body social numerous agen- 
cles either coéperating or ready to coédperate with our manufac- 
turers and other employers in the equipping of young men with 
education and shop experience sufficient to enable them to attain 
the limit of their individual abilities in the industrial life of the 
country. Enacted laws and public sentiment are and have 
always been strongly united upon ene program—the rudimen- 
tary education of all children. The school system, in all its ram- 
ifications, is statistically increasing its annual output of the equiv- 
alent of the public-school eighth grade. Never before has the 
slogan “earn while you learn” had so wide an appeal. Trade 
schools, within and without the state control, are growing in num- 
ber and size under popular demand for special instruction in 
preparation for industry. Part-time, evening, and continuation 
classes are helping boys and men to understand the groundwork 
and Structure upon which their labor is founded and built. 

I'he economic status as well as the personal wishes of the pu- 
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pil and his parents will always have to determine the time of entry, 
within legal limits, of those entering industry. But it is freely 
conceded that no one can better justify his place on the city 
payrolls than the teacher in charge of vocational guidance. The 
lack of such guidance, here and further up the educational ladder, is 
what is responsible for most of our misfits. The picture should be 
presented to the boy at this critical time, whatever his age may 
be, of what he may expect to find along the path he is entering 
so that he may choose not only congenially but with some glimpse 
of his future earning power. With the conviction established that 
one may expect by proving his worth to add special knowledge to 
his schooling and thus earn promotion, there is bound to be less 
crowding into the colleges and technical schools. 

The approach of the job from the school is necessarily a gradual 
or trickle process. It can never logically be made in group for- 
mation or, in other words, made to conform to the usual school 
graduation periods. Economic facts again determine this control— 
which is fortunate, as the demand for workers must ever be a 
fluctuating one. If a boy is so favored that he lives where his 
school can arrange for him to have some valuable shop training 
while he is adding practical subjects to his fundamental and aca- 
demic studies, he may often enter his apprenticeship gradually 
with night-school instruction to satisfy his need for some spe- 
cialized knowledge or to supply some conscious lack of information. 
In some communities it has proved best for apprentices to be 
sent under pay to the local vocational or trade school before ac- 
tually entering the shops of their respective employers. Special 
merit in the training of apprentices unquestionably lies in that 
codperative system which, under an independent supervisor, 
routes them through a group of shops for their factory experience. 
The apprentice to a small concern loses something through in- 
ability to see divergencies of shop practice and to note compar- 
ative workmanship and methods. 

The larger corporations avoid this limitation by the diver- 
sity of their departmental organization, and to them the self- 
contained apprentice school is not only possible but desirable. 
These corporation schools are sometimes conducted independ- 
ently of the city schools, taking boys with the equivalent of eighth- 
grade standing and providing general and vocational class work 
in conjunction with shop training. One enterprise now in process 
of organization proposes to undertake the responsibility of primary- 
school instruction to the end, presumably, that loyalty to the 
company be inculeated at an early age. Many of these appren- 
tice schools are admirable in the thoroughness of their training, 
usually worked out in conjunction with the local educational 
institutions. They almost invariably certify their graduates 
as journeymen in a recognized trade, often stating on the cer- 
tificates or diplomas the number of years required to qualify. 

Some thirty-four of these forms have been compared. They 
range in size from 17 in. X 26/2 in. down to pocketbook dimen- 
Five of them only are issued on a time basis or for the 
completion of a prescribed course, but none of these are strictly 
in trade work. Of the other 29 certificates, 25 give a definite 
trade or vocational rating on a basis of proficiency (one with 
recommendation for employment), 2 give a professional rating, 
and the remaining 2 are issued on a statement of general pro- 
ficiency. Each of these large companies has its definite objec- 
tives in apprentice training and is doing good work in industria! 
education. The only thing which may be urged upon all, in the 
interest of their graduates, is a greater uniformity in the training 
for each trade and a more explicit statement of accomplishment 
in the certificates awarded. 

Another collection of certificates was made of private and pub- 
lic trade and vocational schools, the latter through the courtesy 
of the Federal Board for Vocational Education. It is interesting 
to note that of these, numbering 130 in all, by far the greater 
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issued on a time basis—42 in preparation for trades 
The remaining 16 of these 
schools not operated by industry give certificates stating the 
acquirement of proficiency: 5 in general terms, 7 with a trade 
rating, and 4 with for employment. Some 
of these trade schools have arranged with local manufacturers, 
to their mutual advantage and to the great benefit of the students, 


to accept 


and for other vocational training. 


recommendation 


in a more or less formal way relays of boys on the so- 
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scribe necessary funds and organize a system of training with 
a supervision of apprentices; and then codperation between this 
group and the existing vocational or trade schools of the district. 
There is nothing new in this plan. It is being demonstrated 
and needs only adaptation to local requirements and greater 
publicity in employment centers. It is equally applicable to 
the building, metal, textile, printing, and other trades. The 
scope of this paper cannot include illustrative and appreciative 
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COOPERATIVE 

“ss On ind shop work varies from five days to several months. 
rhe system has met the need felt in practical training for the 
talizing effect condition never 
possible in the school shop no matter how well equipped it may 


of productive competition, a 


be with modern machine tools. This is recognized in the use 
of the plan by schools whose graduates expect to enter business. 
It has been an active agency in calling the attention of the on- 
coming generation to the discrepancy between the industrial 


Opportunities and the number of 
pete ! tly. 


men able to fill them com- 
The manufacturer has welcomed it, more or less enthusi- 
astically, as a help in his problem of overcoming this widespread 
incompetence. The A.S.M.E. has members who are actively 
interested in both sides of this practical movement, which is grad- 
ually improving the quality of industrial workers. 

[t is, however, to the smaller manufacturing concerns them- 
selves that the Society can with greater complacency offer its 
assistance. Having passed the phase of skepticism, an increasing 
number of works managers would like to approach their direc- 
‘ors with some scheme of apprentice training, could they be 
assured that the plan would not be swamped by prohibitive 
costs. The hope of success lies in double coéperation. First, 
cooperation between a voluntary group of employers who sub- 


APPRENTICESHIP CERTII 


such certificates as have been j nthy issued by schools and manu- 
facturers. An analysis of these and of the plans which they 
represent seems to indicate that the fulerum upon which the bal- 
anced system operates is the personality of the supervisor. I: 
is through his display of tact, ability, and impartiality that the 
school is able to develop its vocational usefulness, that the boy 
is able to obtain the thorough training and experience which 
will steady his efforts at advancement, and that the employer 
is able to get the intelligent skill which he can afford to reward. 

The collection of trade certificates is far from complete, as is 
inevitable in what would appear to be the first attempt of the 
sort. An indication of the interest felt in the subject may be 
seen in that but a very small percentage of the schools and manu- 
facturers addressed failed to answer. It was also interesting 
to find that a considerable number of employers had not yet 
compiled any certificate or were about to revise those hitherto 
used. Thus, in order to draw some value from the study of these 
certificates, the result is here presented of the attempt to make 
a composite form, embodying the essentials for any double co- 
operative district apprentice system (see 2nd column, page 6). 

The size suggested is that of ordinary business letter paper, in 
place of the larger diplomas intended for framing. While these 
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APPRENTICESHIP CERTIFICATE 


Phe Public Schools of and the State Board of Education 
in cooperation with 
Name of employer 


jointly certify that 


| Name of apprentice 
has satisfactorily completed a year course in Shop Practice, M 
| chanical Drawing, Shop Mathematics, Business English, and related educa 


tional subjects at 


and a year course of practical training in the of 


with sufficient diligence and proficiency as to qualify as JOURNEY MAN in 


the trade of and is recommendes 
for employment in that trade 
| His school work has also consisted of 
Common School through the grade 
| High School 
Vocational Schoo! 


| Continuation School 





Night School 
Part-time Day School 
Full-time Trade Schoo! 
Polytechnic School 
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| 
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Signed 
| (Place) (Date 
| 


| (Employer) Director of Vocational Educatior 
(District Supervisor of Appre ntic es) 


‘ . , } 
Other agencies coéperating in the apprentice traming program may b 
added 








can, if desired, be also awarded, the practical need of the young 
journeyman is for a certificate which can be presented to any « 
ployment department and which will be recognized as a standardi ed 
summary of his qualifications for the job he wishes to get. No 
manufacturer desires to maintain a vestibule school. It is some- 
times an irksome necessity, but the facts certified on the appended 
form should appreciably reduce that necessity. From the stand- 
point of the applicant, his interview questionnaire is answered 
authoritatively, and he has but to make good upon the record of 
his training. 
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The General Motors Institute of Technology 


Particulars of an Educational Program Designed to Provide the General Motors Corporation with a 
Supply of Highly Skilled Service Men and Trained Workers for the Plants, and to 
Furnish a Broad Technical Training for Its Future Executives 


By ALBERT SOBEY,! FLINT, MICH. 


HE General Motors Institute of Technology, which has 

recently been established in Flint, Michigan, is the out- 

growth of a very interesting experiment in industrial rela- 
tions, and in its present setting is unique in its organization and 
relationships as well as in its program and activities. It is in 
reality a new name representing a wider application of an industrial- 
education and training program which has been developed in Flint 
for the industries of that city over the past eight years under 
somewhat unusual conditions. 

Years ago, under the leadership of Dallas Dort, there was estab- 
lished in the industrial life of Flint a policy of coéperation and 
mutual effort on the part of the managements and employees of 
the industries of the city that -has been unusually successful in 
maintaining the morale of Flint’s industrial life, and a big factor 
n the remarkable growth that this city has enjoyed. 

This policy was established some twenty years ago in connection 
vith the problem of insurance for the employees of industries, and 
resulted in the organization of a mutual-benefit association for 
those employed in all the industries of the city; this became the 
enter of an employees’ club, with recreational as well as insurance 
eatures, controlled and operated by the workers and enjoying 

e endorsement and backing of the managements of the factories. 

With the growth of the automobile industry and the coming 

the World War, industrial unrest, labor turnover, and the other 

roblems common to that period brought an extension of this 
licy, finally resulting in what is now known as the Industrial 
Mutual Association, an organization of all the employees of the 
ty, with over 30,000 members and an active program covering 
most every phase of life related to industry, centralized in an 
employees’ club of some 60,000 sq. ft. of floor space in one of the 
finest buildings in the heart of the city, and operated and controlled 
by a board of eighty trustees elected by the employees of the plants 
of the city. It is unquestionably one of the most successful organi- 
tions of industrial employees in the country, and a striking ex- 
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ple of the practical value of coéperation. 


EARLY DEVELOPMENT OF EDUCATIONAL PROGRAM AT FLINT, 
MICHIGAN 

lt was in connection with this employees’ organization that the 
educational program which has now developed into the General 
Motors Institute of Technology, had its origin. Realizing the 
growing importance of a definitely organized program of education 
and training to meet the personnel problems involved in the con- 
stantly increasing specialization of modern industry, the manage- 
tients of Flint industries adopted the policy of coéperating with 
their employees’ organization in the development of a program for 
their plants. While thus recognized as an employees’ program, 
the work enlisted the support of large numbers of men from prac- 
tically every stratum of Flint’s industrial life—managements, ex- 
ecutives, technical-staff experts, and workmen. The result has 
been a comprehensive program which has been rapidly extended 
to cover all the major fields of training connected with the auto- 
mobile industries, and which has constantly grown in interest and 
attendance. This development has not been one-sided—organized 
lor one group only—but has been developed with full consideration 
lor the interests of all factions involved: employees, the members 
of their families, and the plants. 

As we all know, changes in industrial organizations and methods 
during the past generation have greatly lessened opportunity for 

' Director, General Motors Institute of Technology. 

Contributed by the Committee on Education and Training for the 
Industries for presentation at the Spring Meeting, White Sulphur Springs, 
W. Va., May 23 to 26, 1927, of THe AmeRIcAN SocreTy oF MECHANICAL 


ENGINEERS, 29 West 39th Street, New York. All papers are subject to 
revision. 


development in the regular processes of industry, so that the 
matter of training employees for positions requiring skill and 
ability has become a vital problem to the industrial executive, 
involving the morale and effectiveness of his entire organization. 
The old apprentice system, by means of which industry has trained 
its people for its more highly skilled trades from the beginning 
of the machine era, has become practically a thing of the past, 
and specialization has been carried to such a point that the regular 
processes of industry no longer offer much opportunity for a well- 
rounded experience and training to qualify men for the more 
responsible types of positions. 

Modern industry, in fact, has been likened to a tall building 
of many stories without elevators or stairs. On each floor, be- 
ginning with the simpler tasks on the ground level, are various 
classifications of specialized jobs extending up to the highest 
executive at the top. It is easy to qualify for entry at the ground 
floor, but industry needs a constant supply of qualified employees 
for the floors above. Specialized as it is, it lacks the means to 
train and prepare its employees for advancement to the floors above. 
Industrial leaders, therefore, are turning to special organizations 
to provide the means of training—ladders by which employees can 
climb to more highly skilled and more responsible positions above. 

This does not mean that “university of hard knocks” has ceased 
to function. The practical school of experience still plays an 
important part in industrial training, but unless it is correlated, di- 
rected, and supplemented with needed technical instruction, 
it is too haphazard and wasteful of time, effort, and human energy. 

It might be likened to attempting to crawl up the walls of a 
building from floor to floor. A factory manager recently explained 
itinthisway. “Icameupfromtheranks. It has taken me twenty- 
five years to gain the knowledge and grasp of fundamentals to 
make a success of this job. Starting now in a similar way but 
under modern factory conditions, it perhaps would take fifty years. 
This is too wasteful. It should be possible to do it in ten years, 
possibly in five.” 

When I was a boy serving a four-year apprenticeship in the shop, 
for example, the master mechanic would frequently put on over- 
alls and spend a half or even a whole day at a time working with 
me, stating, in his own words, “I am going to ‘learn’ you all there 
is to know about the business.” In contrast the other evening a 
young man of fine appearance came to the office and presented 
the following case. ‘Mr. Sobey, I have been working for the Buick 
Motor Company for six years. I have had a high-school education 
and believe I have normal intelligence and ability. I am ambitious 
to get somewhere in life and work myself up to a responsible posi- 
tion for the sake of my family and myself. After six years I find 
I am getting nowhere and can see no chance ahead in the plant. 
What can you do for me in school to help me to advancement?”’ 
It happened that the day before this visit we received a call from 
the superintendent of the plant in which the young man was work- 
ing, asking for some one from our night-school program qualified 
to fill a junior-executive type of position in that plant—just the 
chance the young man was looking for. The opportunity was 
there, the Buick Motor Company was interested in its employees 
and in need of qualified people for advanced positions, but the 
nature of the young man’s work did not give him an opportunity 
to prepare for it—not in six years. This case illustrates the situa- 
tion faced by large numbers of ambitious employees of modern 
industry. 

Flint has attempted to meet the problem thus presented through 
a codperative effort of management and men in the development 
of an educational and training program directly related to the needs 
of Flint industries and her employees. The needs of the employees 
have been met, largely through a spare-time course of training, and 
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the needs of the plants, in so far as they are not met by the spare- 
time program, in short, intensive, full-time and in codperative 
courses. 


SpARE-TIME PROGRAM FOR PRESENT EMPLOYEES 


It is natural that the development of the spare-time program 
for present employees should be given first consideration. Investi- 
gation of the plant conditions at the beginning of the work showed 
here and there throughout the entire system groups of men am- 
bitious for advancement along the lines on which they were then 
engaged, with little opportunity in the specialized nature of their 
positions to acquire the training needed for such advancement. 
Here and there were other groups of men placed in positions for 
which they were not well adapted, and whose interest lay in other 





INDUSTRIAL ENGINEERING COURSES 


FIRST YEAR 
Fall Term. 
D-1 Mechanical Drawing—Ilst term 4 hrs. per week 
B-% Geometry 2 hrs. per week 
Winter Term. 
D-2 Mechanical Drawing—2nd term 4 hrs. per week 


B-2b Advanced Algebra—lIst term 2 hrs. per week 


Spring Term. 


D-3 Mechanical Drawing—3rd term 4 hrs. per week 
B-2c Advanced Algebra—2nd term 2 hrs. per week 
Summer Term. (8 weeks) 
W-21 Engineering Pattern Making & Foundry Practice 6 hrs. per week 
SECOND YEAR 
Fall Term. 
N-1 Practical Physics 4 hrs. per week 
B-4 Trigonometry 2 hrs. per week 


Winter Term. 


4 hrs. per week 
2 hrs. per week 


C-1 Practical Chemistry 
N-le Electricity 


Spring Term. 


4 hrs. per week 
2 hrs. per week 


C-2 Practical Chemistry—2nd term 

N-2 Elementary Practical Mechanics 
Summer Term. (8 weeks) 

S-22e 


Engineering Machine Shop Practice 6 hrs. per week 











SeEconD YEARS OF SpARE-TIME INDUSTRIAL ENGI- 


NEERING COURSES 


Fig. 1 First 


AND 


(Note the suggested sequences of unit courses. The program isso flexible that 
a student may start at any stage, depending upon his previous education and 
experience, and make the arrangement of unit courses that best meets his individual 
needs.) 
channels, with little opportunity to make the transfer. Here 
were groups of men growing older with the end of their productive 
years on the present heavier jobs immediately before them, but 
whose productive period could be increased if arrangements could 
be made to train them for lighter types of jobs involving some skill. 
Here also were foremen ambitious to climb the ladder to mana- 
gerial positions, and men of promise ambitious to prepare for 
foremanship responsibilities. There were groups of men in the 
plants whose greatest possibilities were in office types of position, 
and men in the office who should be in the plant. In a word, 
there were a large number of diversified groups neither happy 
nor contented on the present jobs, but ambitious for advance- 
ment or transfer, and who would gladly accept opportunity for 
special training which would help them qualify for a broader, more 
satisfying life if arrangements could be made. 

To meet this situation a spare-time program of some 200 unit 
courses has been developed covering practically every phase of 
the automobile industry. These unit courses are arranged in 
major sequences of training for the more important branches of 
work in the industry, and designed to meet the needs of the average 
student. In practice they are arranged very much as is a cafeteria, 
the various units being spread out before the ambitious employee 
in the order suggested for the average man, but in any individual 
vase they can be selected in almost any order. Thus, it is possible 
for an ambitious employee to select the unit of training that he 
needs for his next step in advance and build upon it a very flexible 
program that can readily be adjusted to meet his changing fortunes. 

The way in which these short unit courses are grouped together 
in major sequences is illustrated in Figs. 1 and 2 showing the first 


MECHANICAL ENGINEERING 


Vou. 49, No. 5a 


two years of industrial engineering courses, and the third and fourth 
years of the specialized industrial tool engineering course. The 
entire spare-time program includes seven suggested sequences 
similar to this tool engineering course, and also, a six-year sequence 
of executive training, a foremanship program, three one-year 
sequences in accounting and business, twelve trade-training pro- 
grams ranging from one to four years in length, and also special 
job-training courses along various lines of work of the semi-skilled 
type and a number of more elementary courses to give opportunity 
to men of limited education to prepare for entrance to the major 


courses referred to. A program of courses for girls is also included. 


Courses INCLUDED IN SPARE-TIME PROGRAM 


With this spare-time program organized and in operation, the 
next step was to formulate a program to more fully meet the needs 
of the plants. Three courses are included in this program as now 
organized: 


1 The Buick Authorized Service Course 
2 The Technical Trades Course 
3 The Coéperative Engineering Course. 


The Service Course is designed to meet the needs recognized 
by every one for more highly skilled service men for the service 
organizations of the country. It is conducted upon the sound 
principle of placing emphasis in the instruction upon the funda- 





INDUSTRIAL TOOL ENGINEERING COURSE 


FIRST AND SECOND YEARS 


Fall Term. 
D-5 Elements of Engineering Design 4 hrs. per week 
N-3 Elementary Mechanics (Advanced) 2 hrs. per week 


Winter Term. 


D-6 Elements of Engineering Design—2nd term 
N-4 Strength of Materials 


4 hrs. per week 
2 hrs. per week 
Spring Term. 


D-8 Tool Design 
M-11 Metals and Their Heat Treatment 


4 hrs. per week 
2 hrs. per week 


Summer Term. (8 weeks) 


S-23e Engineering Machine Shop Practice 6 hrs. per week 
FOURTH YEAR 
Fall Term. 
D-9 Tool Design—2nd term 4 hrs. per week 
R-2 Inspection Tools and Methods 2 hrs. per week 


Winter Term. 


D-10 
F-la 


Tool Design—3rd term 


r 4 hrs. per week 
Engineering English 


2 hrs. per week 


Spring Term. 











D-10a Tool Design—4th term 4 hrs. per week 
F-16 Engineering English 2 hrs. per week 
Fic. 2. Tuirp anp Fourtu YeaArS 1N “Toot ENGINEERING” 


(This is one of seven similar programs in specialized branches of engineerin; 
related to the automobile industry. 


mental principles of car construction, and modern methods of 
maintenance and repair and their application to just one set of 
conditions—the Buick car. As a result, the Buick Service Course 
has been strikingly successful and its graduates are now filling 
responsible positions in every state of the Union and in seventeen 
foreign countries. That it has been adopted by the General Motors 
Export Company for training its service men and giving a technica! 
training to its salesmen, is evidence of its thorough, practical 
nature and the correctness of the principles of instruction utilized. 

The Technical Trades Course is designed to meet the needs of 
the industry for highly skilled craftsmen in tool and die making 
It is organized on the codperative plan of alternate periods of four 
weeks in school and four weeks of practical training in the plant, 
and offers to boys 16 to 18 years of age, who have had a tenth- 
grade education or its equivalent, an opportunity to obtain a trade 
training and a thorough related technical instruction of high- 
school grade, but of a specialized technical and trade type. 

The Coéperative Engineering Course is a part of a definite 
program to meet the growing problem of foremen and executives 
in modern industries. As specialization has increased, the demands 
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upon the workmen have decreased, but there has been a corre- 
sponding and steady increase in the demands upon foremen and 
executives. This constitutes one of the major problems of industry 
today, and to meet it in Flint, three distinct programs were or- 
ganized. 

For men already in foremanship positions or serving as junior 
executives, a number of unit courses were arranged covering the 
principles of foremanship, the elements of management, and 
practical economics. The training for future executive material 
was organized in two separate programs, one for young men of 
promise already employed in the industries, and the other for those 
of the right type coming out of high school. 

A very interesting situation was met with in the organization 
of foremanship program. The first courses were offered as a part 
of the regular spare-time program, which of course is participated 
in primarily by employees below the rank of foremen. The courses 
were very carefully brought to the attention of every foreman in 
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nate periods of four or eight weeks in the Institute and corresponding 
periods in the industry, is in reality fourfold in nature. During 
the Institute periods the training may be classified under two heads: 
(a) fundamental engineering subjects that are common to all 
college engineering courses, and (b) specialized training in the 
principles of industrial organization and management. During 
the work periods the student is given a directed practical experience 
in industrial operations, which also gives him contact with and a 
knowledge of industrial men. 

This Coéperative Course is illustrated in Fig. 3, which indicates 
the fourfold nature of the training that is offered. It also indicates 
the relationship between the various courses, which are arranged 
in horizontal sequences. This course, and in fact the entire fore- 
manship and executive program, has been developed with the 
active coéperation of an advisory committee of leading executives 
of Flint who began their work in the early stages of foremen’s 
organization and have taken a very active interest in all features 
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Fig. 3) ProGRAM OF THE COOPERATIVE ENGINEERING COURSE 

rhis 


idvising with the Institute staff regarding the training program. 


the city, but with no response, and an investigation showed a 

ictance on the part of the foremen to go into what they con- 
sidered an educational competition with their men. Steps were 
then taken for the organization of foremen’s clubs in all the plants 
of the city and for combining them into a central association with 
a central committee composed of representatives from each plant 
group. The educational program was then organized as a program 
of this foremen’s organization, with the result that it met with 
enthusiastic response and has been extended, largely because 
of the demands of foremen for continuing courses. After several 
years of operation under these auspices, it was made a definite 
department of the regular school program, and has continued to 
lunction suecessfully since that time. 

In the development of the executive training for young men of 
promise already employed and who, for economic or other reasons, 
work on a regular job, 
courses Was organized. 


must a six-year program of spare-time 


This covers, on a night-school basis, two 
years of the fundamentals of engineering and two years of what we 
call junior-executive training in such subjects as the historical 
development of industry; 


the elements of economics, accounting, 
and costs: 


and personal-development courses in effective speaking, 
personal efficiency, and salesmanship. This is followed, for men 
who successfully qualify for foremanship or junior-executive posi- 
tions, by two additional years of senior-executive courses covering 
loremanship and other courses directly related to industrial organi- 
zation and management. 
THE Co6PERATIVE ENGINEERING COURSE 

rhe Coéperative Engineering Course was organized to supple- 

ment this source of supply of future executives with a group of 


young men more broadly trained technically. The course is a 
lour-year program of college grade, for admission to which high- 
School graduation or its equivalent is required and also evidence 
of good character and some potential leadership ability. The 


program, which is conducted on the codperative plan, with alter- 


is in reality a management-engineering course with a close correlation of training in the Institute with actual practice in the industry with major executives 


of the development. Their work has been a big factor in making 
the program of real practical value, closely related to the problems 
of industry. 

The purpose of the Coéperative Engineering Course is to prepare 
young men of the right type for future executive positions. It is 
really a management-engineering course with a close correlation 
of training and practice through connection of the Institute with 
the factory system. Not later than the junior year, and in many 
cases earlier, students are placed under the direction of some 
executive of a major division of our industries and are recognized 
as his men. From this point on he advises with the Institute 
staff regarding their training program with a view to having it of 
such a practical nature as to make the men most valuable for his 
own organization upon completion of their training. In many 
cases the courses are so conducted as to give direct contact and 
experience with corresponding factory problems in the Flint units, 
with factory executives coéperating with the regular instruction 
staff to make the instruction as vital and up to date as possible. 

The school grew very rapidly. The students and factory em- 
ployees, recognizing it as their own institution, entered into its 
training confidently and in large numbers; in fact, this year our 
spare-time enrolment included 4 per cent of the employed per- 
sonnel of our factories. Regular monthly reports to the plants 
kept the factory executives informed of the progress being made 
in school by their employees, and led to recognition and advance- 
ment in large numbers of cases as the men prepared themselves for 
advancement in their school work. The result was a record of 
growth (shown in Fig. 4) which last year brought the Institute to a 
place where the limit of its facilities was reached. 


BROADENING THE SCOPE OF THE WorK BEGUN AT FLINT 


At this point the late H. H. Bassett, president of the Buick 
Motor Company, became personally interested in the problem of 
securing adequate quarters for the continued development of 
the school, and after a study of the situation decided to ask the 
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Executive Committee of the General Motors Corporation to pro- 
vide a building and grounds in order to make possible the con- 
tinued growth of the program in order to meet the growing needs 
of the Flint units of the corporation. This was done at the May 
meeting, held in Flint in connection with a visit of investigation 
and inspection of the school. As a result it was decided not only 
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Fie. 4 GrowTnH oF THE INSTITUTE DuriING E1gut YEARS 
(The growth of the Institute is charted in student term-hours. Last year it 
reached a rate which brought the institution to the limit of its facilities, and under 
the leadership of the late H. H. Bassett led to the movement for the new building 
and new campus provided by the General Motors Corporation.) 
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ber. Plans are also being made for the extension of the service 
course to the other units of the corporation. 

It is also planned to have the Institute perform a centralizing 
function for the training activities of all the units of the corporation, 
which possibly will be even more significant than its local program. 
In this connection the results of any training development or 
research conducted at the Institute will be made available to all 
units of the corporation on what may be termed an extension basis. 
The results obtained from the use of these programs or any local 
programs developed by the units themselves will be reported back 
to the central institution where they will be analyzed and put in 
such form as to be of value to the other units. In this way it is 
planned to develop an extension program of training that will 
cover the major personnel-development problems of the corporation 
in a form that reflects the combined experience of the entire organi- 
zation. 

This work was begun during this vear in connection with fore- 
manship development. The foremanship courses of the Institute 
have been used in connection with the training of foremen at the 
Deleo Remy Company, Anderson, Ind., Harrison Radiator Corpo- 
ration, Lockport, N. Y., and the Olds Motor Works, Lansing, Mich. 
Some four hundred foremen have been included in this extension 
program. They were organized in sixteen different classes and 
suggestions that have arisen from the experiences of these men in 
the course are now being received at the Institute and analyzed 
with a view to giving them effect in connection with changes and 
improvements in the program for next year. 

The General Motors Institute of Technology is thus a somewhat 
unique institution—an outgrowth of a program resulting from the 
cooperative effort of all elements of Flint’s industrial life under 
employee auspices, it now combines with these advantages the 
endorsement and backing of the General Motors Corporation and 
the extension of its program to the 150,000 employees of the corp: 
ration in all parts of the country. It represents a company-wic 
effort to accomplish real constructive results for the employees ar 





to provide the building and cam- 
pus required by the Flint units, 
but also to change the name to 
the General Motors Institute of 
Technology and provide for the 
extension of the program to all 
units of the corporation outside 
of Flint as well as in the city. 
The size of the campus as origi- 
nally contemplated was tripled to 
provide room for expansion. 

The building has now been com- 
pleted and the Institute is func- 
tioning there. It has approxi- 
mately 65,000 sq. ft. of floor space 
on three floors. The first floor is 
devoted to the auto mechanics 
laboratory, machine shop and 
tool room, and a service station; 
the second floor to general offices, 
a library, physical, chemical and 

















metallurgical and electrical lab- 
oratories, and a large assembly 
hall and gymnasium, while the 
third floor is devoted to drawing, class, and study rooms. Figs. 
5 to 8 show various views of the building layout. 

The general policy upon which the program of the General 
Motors Institute of Technology is now being worked out follows 
very much the same lines as those which have proved successful 
in connection with the Flint program. Courses, such as the 
Coéperative Engineering Course and Service Courses, which can 
be centralized to an advantage at the Institute will be given there. 
In fact, students have been entered in the Coédperative Engineering 
Course by all the car-producing units of the corporation, and by 
the units at Dayton this year, and arrangements are now being 
made for all the other units of the corporation to enter students 
in this program at the beginning of the next school year in Septem- 


Fic. 5 View or THE NEw BUILDING OF THE GENERAL Morors INSTITUTE OF TECHNOLOGY 


for the corporation in man-power development and human relations 


CHARACTER OF INDUSTRY OF FuTURE. DEPENDENT ON CHARACTER 
oF EpucaTION GIVEN Its WorRKERS 


It has been said that the character of industry in the future will 
be determined by the character of the education given to its worker 
regardless of whether this education be organized or unorganized, 
and it is not unlikely that the preservation of our civilization wil! 
depend upon these developments. Whether industry contributes 
effectively to the common welfare or is wasteful of human life 
and energy, whether it becomes a tremendous constructive agency’ 
or a menance to our civilization, depends in large part upon tlie 
education provided for it. 
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Fic. 6 Srerion or AvTO MECHANICS LABORATORY 
[ustruction in auto mechanics and automotive service has been specialized so 
n the Buick product Note the complete equipment for this work It is 
ined to extend this program to other General Motors products.) 
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Fic. 8 Reak-AxLeE AND TRANSMISSION DEPARTMENT 


(Note section of machine shop and heat-treatment laboratory in the background. 
The machine shop occupies 10,000 sq. ft. of floor space and is equipped with fifty 
motor-driven machine tools 





hic. 7 ANorTruer Section oF Auto MecHANtIcs LABORATORY 


(here certainly is need in our modern industry for an educational 
and training program to overcome the handicaps of specialization 
and provide for the development of its employees, increase their 
efficiency in industrial operations, and prepare them for advance- 
ment. The Flint program has accomplished very definite results 
in this connection. Hundreds of men have improved their position 
in life and are working their way up as a result of its program. 
These men range all the w ay from the young man just beginning 
his climb, to the man, who after seven years of training in the 
spare-time program, has worked himself up to a $10,000-a-year 


position. 





There is, however, an even greater need from a broad social 
standpoint for a program which, in addition to these individual 
results, will provide industrial leadership of broad vision, promote 
better industrial relations, and bring a fuller understanding on the 
part of industrial people of the functions of industry as they relate 


themselves to life and the common welfare. There is a growing 
recognition that industry exists not for individual profit alone, but 
to serve owner, manager, workman, customer, and public. If 
industry is to effectively function in this regard, the ideal must not 
only be caught by the employer and manager, but in a measure it 
must also be disseminated through rank and file of the employees. 
This is a problem that can enlist the interest and constructive effort 
of all the various elements involved in the industrial organizatior. 

It is to provide such an educational and training program and 
to contribute toward such results for the General Motors Corpo- 
ration and for its employed personnel, that the General Motors 
Institute of Technology has been established. Its purpose is to 
serve this world-wide organization in developing its industrial 
man power and leadership, in broadening the understanding of its 
people regarding the functions of industry, and in the promoting 
right human relationships. 








Arc Welding 


Advantages of Arc-Welded Steel Parts over Those of Cast Iron or of Riveted Construction 


—Savings 


in Cost Effected by Replacing Iron Castings with Arc-Welded Steel Parts—Inconsistency of 
Permitting Arc Welding in Superheaters and Steam Piping and Forbidding It in Boilers, Etc. 
By J. F. LINCOLN,! CLEVELAND, OHIO 


RC welding is a comparatively old process—that is, the first 
patents in connection with it were taken out more than thirty 
years ago. However, its use commercially, on a large scale, 

is comparatively recent. 

Undoubtedly the repair of the interned German ships in the 
harbors of the United States, during the late war, brought are 
welding to the attention of the American people a good deal more 
forcefully than any other application which has ever been made. 
The repair of these ships as we see it now was a comparatively 
simple operation, and while it undoubtedly saved a considerable 
amount of money and time for the American Government and 
increased materially the efficiency of the American intervention 
in the war, nevertheless the actual use of welding in this case and 
in all other repair cases must be of secondary importance. 

While the use of are welding for repairs undoubtedly saves this 
country in excess of one hundred niillion dollars per year, by far 
its greatest value in the future is going to be in the replacement 
of riveted steel and castings with are-welded steel. The funda- 
mental reason why this replacement will come is twofold. 


oF Arc-WELDED STEEL PARTS OVER RIVETED OR 


Cast Iron Parts 


ADVANTAGES 


Compared to riveting, are-welded steel will give the full strength 
of the joint, while rivets will give but from 50 to 80 per cent of the 
sheet strength when the riveted joint is made in the usual commer- 
cial manner. This means, therefore, that any structure which is 
made of riveted steel and depends on the strength of the joint for 
its efficiency must have from 30 to 100 per cent more steel in it 
than would be necessary were an arc-welded joint used. What 
this would amount to in the aggregate is a stupendous sum, as 
can be well appreciated. 

However, there is still another application which is of very much 
greater importance, namely, the employment of arc-welded steel 
in place of castings of all kinds. The fundamental principles in- 
volved in this substitution are as follows: 

Cast iron has a tensile strength of approximately 10,000 Ib. per 
sq. in.; that of welded steel is approximately 50,000 Ib. 

Cast iron has a modulus of elasticity of 12,000,000; that of steel 
is 30,000,000. 

Castings on an average cost 6 cents per lb.; rolled steel, 2 cents. 

The factor of safety necessary for the same degree of safety will 
be half as great with steel as with cast iron. Therefore, if a pressure 
vessel in which the strength of the shell is the limiting factor is 
made from cast iron, it will cost for the same degree of safety 
approximately twenty-five times as much as if made from rolled 
steel; if a base or any structure which is used for resisting bending 
is to be made, the cost will be but approximately 15 per cent as 
much if made from structural steel as if made from castings. 

When the total amount of this saving is considered, it is easy 
to see that the sums involved run into figures that are enormous 
even to the American people who are accustomed to speaking glibly 
of billions. 

Regarding the problems which are involved in taking advantage 
of these fundamental principles, it is quite evident that if the plan 
were merely a matter of replacing one metal with another there 
would be no doubt about its immediate adoption. But it is not 
nearly so simple as that; one great virtue of the casting is the fact 
that it can be made into any shape with very great ease, while, 
rolled steel must of necessity (from its very method of manufacture) 
be made in certain definite shapes and those only. 
~~ 1 Vice-President, Lincoln Electric Company. 

Contributed by the Machine Shop Practice Division for presentation 
at the Spring Meeting, White Sulphur Springs, W. Va., May 23 to 26, 1927, 
of THe AMERICAN SocreTy OF MECHANICAL ENGINEERS, 29 West 39th 
Street, New York. All papers are subject to revision. 


These shapes can of course be so made that they will be the 
most efficient for the kind of work they are designed to do, and if 
they can be adopted directly without change they will do any work 
better because of this shape than would be possible with most 
cast shapes, entirely aside from their greater strength and stiffness. 


POSSIBILITIES OF REDESIGN OF Cast INTO ARC-WELDED Parts 01 
ENorMous IMPORTANCE 


However, there are a great many cases where it is necessary to 
make a structure which is radically different from any shape directly, 
procurable from the steel mills, and therefore the possibilities of 
the designing engineer in redesigning cast structures into thos: 
using welded steel are of enormous importance. In fact, th 
designer of the future who can apply this new tool to best advantag: 
will be an outstanding engineer. 

The importance of this seems so great to the company with whic! 
the author is connected, that it has offered three prizes of $10,000 
$5000, and $2500, respectively, for the best applications of ar 
welding to the redesign of present-day structures, hoping in thi 
way to get the brains of the country at work considering the prop 
osition more closely, more intelligently, and more thoroughly, s 
that the savings which such redesign will afford may be brought 
about in the shortest possible time. 

One very definite matter which is holding back the universa 
acceptance of are welding as an economical producing tool is the 
fact that habit so largely controls our minds. Mankind in genera! 
accepts without question the theory that if a precedent has be 
established, it must of necessity be right and should continu 
to be followed. Of course, all laws are based on this fundamenta 
principle and perhaps that is one reason why there is so much dis- 
satisfaction with law, but it would appear that the engineer should 
be the first to reject tradition when it is self-evident that traditio: 
is wrong in the light of present-day development. 

The author believes he is safe in saying that there is no best 
manufacturing method and no best manufacturing tool which is 
today the same as it was fifteen years ago; that there are very few 
which are the best today that are the same now as they were fiv 
years ago; and further that any manufacturing concern manu- 
facturing any product today exactly the same as it did six months 
ago, is not pursuing the best possible way, and that if any product 
has not been entirely redesigned during the last five years, probably 
the concern manufacturing it is rapidly losing ground. 


SAVINGS IN Cost DuE To REPLACING CASTINGS WITH ARC-WELDED 
STEEL PARTS 


In spite of the tendency to go slowly with changes as radical as 
that of replacing castings and rivets with welding, there has never- 
theless been enormous progress already in its application. At 
the present time most of the bases of motor-generator sets and 
motor-driven pumps, and work of a similar simple nature formerly 
made of cast iron have been redesigned in structural steel. Some 
buildings have been erected this way, and some bridges have also 
been made of arc-welded steel. In these cases the saving has 
ranged from 85 to 15 per cent of the previous cast-iron or riveted- 
steel cost. 

Other examples of this same fundamental scheme of applying 
arc-welded steel in place of castings are as follows: 

In the case of the rotor spider for an electric motor (Fig. 1 


Arc-Welded Steel 


Cast Iron 


Cost of iron casting $6.75 Cost of rolled steel.. $1.25 
Labor cost.... 2.94 Labor cost........... 1.3% 
- | rer $9.69 Total... $5.60 


Weight, 70'/, Ib. Weight, 43'/s Ib. 
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Another case is that of the end ring for a motor which heretofore 
has always been made of cast iron. The comparative costs follow: 


Cast Iron Arc-Welded Steel 


Cost of rough casting 2.89 (‘ost of rolled steel $1.126 
Labor cost 0.195 Labor cost 0.407 
Total $3 ..0S85 Total $1.533 


Another case is a motor-base rail (Fig. 2) which heretofore has 
always been made of cast iron, 
follows: 


the comparative costs being as 


Cast Iron Arc-Welded Steel 


Cost of rough casting $4 902 Cost of rolled steel $1. 536 
Labor cost 0.117 Labor cost 0 617 
Total $5,109 Total $2153 

We ight 77 Ib Weight, 66 lb 


application is that to the motor extension 
for an elevator base (Fig. 3) heretofore always made of cast iron. 


Another interesting 


The comparative costs are: 


Weight Cost 
(‘ast iron 1s4 Ib. $11.04 
\r welded steel 109 Ib 5.45 


A cast-iron wheel for a shop truck has been replaced by one made 
of arc-welded steel (Fig. 4). In this case a section of T-stock is 
bent into a circle and welded, a piece of pipe being used for the hub, 
and the flat stock for the spokes. 


The comparative cost follows: 


Arc-Welded Steel Cast Iron 
(ost of rolled steel $0035 Cost of rough casting St .73 
Labor cost 0.33 Labor cost 0.10 
otal S068 Total S1oS5 
Weight, 12.5 Ib Weight, 25 li 


Phe comparative costs of a number of other parts which have a 
more or less wide application (since they are indicative of what 
can be done in the redesign of any part from cast iron to steel) are 
given below. 


Cast Iron Steel 

1 Pulley I i“ ) 

Material $7.90 Material $1.20 

Labor 2» QQ Labor 1.85 

otal -10 S9 Potal 33.00 
Weight, 79 lb Weight, 40 Ib. 

Wall Bor (1 ig. 6 Weight Cost 
Cast iron 35 Ib. $2.10 
Steel (material $0.42; $0.36 14 Ib. 0.72 

Ss ort (Fig. 7) 

Cast Iron 27 Ib. $2.37 
Steel (material, $0.42; labor, $0.23 14 lb. 0.65 
It will be noted that in no case is the overhead included in these 
costs. The reason this is not done is not because of the fact that 


it will change the final result, but because overhead is a widely 
Varying quantity and in amount is to a considerable extent con- 
trolled by the amount of inventory, as inventory, depreciation, 
Storage, and interest charges are invariably a part of the overhead. 

It is self-evident that in general the labor cost is higher in the 
case of arc-welded steel replacing cast iron than it is for the original 
casting. Therefore, if overhead were included with its usual 
percentage, the ratio would be more favorable to cast iron, although 
the are-welded steel would still be very much cheaper. However, 
arc-welded steel has one very great advantage over cast iron, and 
that is, that the inventory cost necessary for a given production 
will be enormously decreased. Therefore the item of inventory 
will be decreased by this substitution. Also, the items of patterns, 
pattern storage, and repair will be entirely eliminated, which also 
will very greatly affect inventory. 

In general, it is safe to say that the items which would reduce 
overhead would be largely balanced by the increase necessary 
because of the increased labor cost, so that the total actual figure 
In both cases, including overhead, would probably, as an average, 
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balance. This is an estimate only, but it indicates what the 
company with which the author is identified has found to be true. 

Much work must still be done in getting the best shapes and the 
best method of applying these shapes to the work in hand. In 
the case of buildings there is still much to be done in the design of 
the joint for most efficient application of the new process, and also 
in the methods of erection, which become a very serious problem 
in arriving at the most economical one possible. 


AR¢ 


Another application which is just beginning is the manufacture 
of pipe by this new process. The advantages here lie in the fact 
that both the diameter and wall thickness can have any dimensions 
that are required, and that the material used can have a very wide 
range of specification without the cost being probably more than 
two-thirds that of tube-mill or riveted pipe. Because of this, pipe 
lines in the future will undoubtedly be welded in the making of 
each section itself as well as the sections welded together in the 
field. 

At the present time a number of arc-welded water lines have 
been completed, some of them running up close to 100 miles in 
length, and having diameters ranging up to 6 ft. Yet it is probably 
safe to say that the average engineer would still put in riveted or 
lock-bar pipe because that is what has always been put in, in spite 


WELDING APPLIED TO PIPE MANUFACTURE 


of the fact that the new welded-joint procedure will save much 
money and make a very much more efficient line. 


INCONSISTENCY OF PERMITTING ARC WELDING IN SUPERHEATERS 
OR STEAM PipeinGc Bur Nor in BoILers 


This attitude of mind is probably best illustrated by the present 
practice in with high-pressure superheated steam. 
The steam must be generated in boilers which are riveted (because 
state laws permit no other process than riveting being used in a 
boiler shell), however, the superheater cannot be made tight by 
rivets because of the very much higher temperature at which it is 
operated. Also, the steam piping running from the superheater 
to the turbines cannot be made tight except by are welding. There- 
fore we have the rather anomalous situation of the boiler generating 
the steam being riveted, and the superheater and piping operating 
at exactly the same pressure but at a higher temperature, being 
welded. 


connection 


Another illustration of the same rather unique point of view is 
the locomotive. The Interstate Commerce 
Commission allows very wide latitude in the use of are welding 
on locomotives, and there are few locomotives in existence at the 
present time on which there has not been a very considerable amount 
of are welding done both in its manufacture and repair. As is well 
known, locomotives carry 200 lb. steam pressure, are hand fired, 
and are racked over the rails at sixty miles per hour. Yet under 
these conditions very few cases of weld failure have ever occurred, 
and are welding has, in the opinion of many railroad companies, 
increased enormously the amount of time that a locomotive can 
be kept outside of the repair shop. Yet if one of these welded 
locomotive boilers is removed from the rails, put on a brick founda- 
tion, automatic-stoker-fed, and run at 16 Ib. pressure, its owner 
will be put in jail. 

If an are-welded boiler should explode tomorrow morning and 
kill a man, it is safe to say that the fact would be broadcast from 
one end of the country to the other by a number of journals. The 
fact, however, that on an average there is one man killed every day 
by the explosion of a riveted boiler, does not even gain passing 
notice. This is not cited as an argument in favor of welding, but 
merely as a fact. 

Practically without exception every automobile depends for 
its success on electric are welding, and if the electric welds failed 
in service most automobiles would be wrecked, with enormous 
loss of life. In fact, it is safe to say that practically no automobile 
(with the exception of the Ford) is in operation today which does 
not have such parts of it are welded that if a weld failed a serious 
accident would result. 

Many automobiles not only have the rear-axle housing completely 
made by are welding, but in almost all cases also the driveshaft and 
brake hangers, thus the ability to start, run, stop, and stay on 
their wheels all depends on are welding. 


shown in common 
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It is safe to say that if are welding in the automobile industry 
were found defective, it would be ten times more destructive to 
life than if all the boilers in the country were to explode at once. 

The author is citing these cases in the hope that engineers may 
be led to take a logical view of this great question. It is certainly 
true that if are welding is dangerous it ought to be eliminated in 
any place where its failure will endanger life, but it certainly is 
a very poor recommendation for engineers and the engineering 
profession to allow conditions to exist such as are existing at the 
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Fic. 3 Cast aNnp Arc-WELDED ELEVATOR BASES 
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present time in which are welding is eliminated from a boiler shell 
but used in the superheater of the same boiler; where are welding 
is eliminated from air receivers but is used completely in a cracking 
still; where are welding is satisfactory on a locomotive boiler but 
unsatisfactory and forbidden by law in a stationary boiler; where 
are welding is prohibited by law from being used in a tank car 
but specified in the tank into which the tank car is emptied. 

The engineering profession is founded fundamentally on logic; 
if an engineer is not logical, to whom, then, shall we turn? 

















Fig. 4 Cast and Arc-WeELDED WHEELS FOR SuHop TrucK 











Fic. 5 12-In. Putters, Arc-WELDED AND CasT 














Fic. 6 Arc-WELDED anp Cast WALL Boxes 

















Fic. 7 Arc-WeELDED AND Cast Supports 
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Hysteresis Relative to the Operation of 
Mechanical Springs 


By JOSEPH KAYE WOOD,'! NEW YORK, N. Y. 


Vechanically, hysteresis, or the lag of observed effects behind their causes, 
has not been considered as extensively as in electrical design. Springs, 
and spring systems in particular, are shown by the author to be associated 
with physical hysteresis of three characteristic types. Thus mechanical, 
hypo-elastic, and hyper-elastic hysteresis are described, and the former is 
shown to be important from the standpoint of automotive riding quality. 
Vechanical hysteresis is caused by external agencies, while both hypo- 
elastic and hyper-elastic hysteresis are caused by the internal behavior of 
crystalline structures. Hypo-elastic hysteresis is due to an internal fric- 
tion of the solid type, presumably at the grain boundaries, while hyper- 
elastic hysteresis is due to slip or plastic flow and hence has a characteristic 
time factor. The concept of hypo-elastic and hyper-elastic energies with 
their corresponding hysteresis effects enables a better understanding of 
certain physical properties of metals, particularly those important to me- 
chanical springs. Although elastic-hysteresis effects are of a much lower 
order than mechanical-hysteresis effects, they are sufficiently large to be 
given serious consideration in the design of measuring devices. 


N 1881 Ewing? announced to a gathering of the Royal Society 

of London his selection of the word ‘“hysteresis’’—taken from 

the Greek and meaning ‘‘to lag behind’’—to designate a type 
of phenomena characterized by a noticeable lag of observed effects 
behind their causes. A study of the behavior of engineering ma- 
terials will show that in general, magnetic, thermoelectric, strain, 
and other similar effects vary with their corresponding causes in 
accordance with certain definite laws, modified in each case by hys- 
teresis. Philosophically, every law of cause and effect must stand 
modified by hysteresis due to the element of time; that is to say, 
cause and effect cannot take place simultaneously, there must be 
a finite interval of time between the two. The relative magnitude 
of this period of time is the determining factor as to the practical 
significance of the variation of a law due to hysteresis. With mag- 
netic hysteresis, which is the lag of magnetization behind magne- 
tizing force, the variation is sufficiently large to warrant a practical 
consideration of this effect in electrical design. Although me- 
chanical engineers of the past have not been concerned with hys- 
teresis effects enough to warrant their practical consideration, re- 
cent developments and refinements in mechanical design, partic- 
ularly in regard to springs, have made it necessary to take into 
account certain variations due to physical hysteresis. Conse- 
quently any existing publications on this relatively new subject 
are, with a few exceptions, of a purely academic character, although 
in most eases the studies, whether pursued through mathematical 
or experimental channels, have yielded highly important results. 
But, as is often the case where the practical demand is lacking, these 
results have served no widespread useful purpose except to be chron- 
icled in seientifie proceedings for future use. The author, believing 
that a practical demand for knowledge on physical hysteresis is 
now at hand, has endeavored in the present paper to cover all 
phases of this study in a logically codrdinated and systematic 
arrangement without a display of the mathematics, particular 
attention being given to its relation to the operation of mechanical 
springs. Much of the work is new, but use is made of whatever 
knowledge is available to support certain vital assumptions. It 
is hoped, therefore, that the publication of this paper will bring 
about, first, a clear-cut status and subsequent wider recognition of 
the subject of physical hysteresis; second, through considerable 
discussion a standardization of definitions and nomenclature, also 
4 clear and systematic understanding of all fundamental principles 
involved; and third, the promotion of research on physical hy- 
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steresis by both private and national efforts on a coéperative basis. 

Physical hysteresis is of three kinds, namely, mechanical hys- 
teresis produced by any external interference, such as solid or 
fluid friction, to a given law of cause and effect; hypo-elastic hys- 
teresis, resulting from internal friction of the solid type; and hyper- 
elastic hysteresis, resulting from internal friction of the plastic or 
viscous type. Mechanical springs used in sensitive instruments 
or machines for measuring weight, length, pressure, electrical 
quantities, etc., under present-day requirements must be carefully 
designed so as to eliminate as far as possible all noticeable trace of 
mechanical and elastic hysteresis. Vehicle suspensions for auto- 
motive or railway purposes and other types of shock-absorbing 
devices must, on the other hand, be designed with a large mechanical 
hysteresis in order to assure absorption of oscillatory energy, which 
requirement is essential to the attainment of good riding quality. 

In the study of hysteresis, promotive causes are expressed as 
forces either directly or in terms of reactive forces per unit of area: 
that is, in stress units; while observed effects are expressed as move- 
ments which may be simple displacements, deformations, or def- 
ormations per unit of length: that is, in strain units. Hysteresis 
may therefore be looked upon as a lag in movement or strain caused 
by a change in force or stress. Consider Fig. 1, which describes 
diagrammatically the fundamental meaning of hysteresis and also 
of the hysteresis loop. The straight line OhnO’ represents a given 
law of cause and effect without hysteresis, although in the abso- 
lute sense such a condition cannot exist, as will be demonstrated 
later. Assume, now, that under a certain condition of speed and 
a given scale of plotting actual observations lie along the line 
OgO’ for ascending magnitudes of force and along the line O’mO 
for descending magnitudes of force. Although the latter line repre- 
sents observations of descending magnitudes of movement for 
descending magnitudes of force, the directions of both increasing 
cause and effect are reversed, because it is the magnitudes of 
change in force and corresponding magnitudes of change in effect 
that determine the directions of cause and effect. Take, for instance, 
the force e which intersects the direct ascending line OgO’ at g, 
and the “hysteresisless” line OhnO’ at h; the change in magnitude 
of force is equal to eO. Without hysteresis the corresponding 
change in magnitude of movement would be equal to sO, but 
since there is hysteresis, the change observed is somewhat less, 
being equal to rO. The lag sr in movement is a measure of hys- 
teresis for the change of force so noted. Similarly for the force 
e’ which intersects the direct descending line O’mO at m and the 
‘‘hysteresisless’”’ line OhnO’ at n, the change in force is equal to 
e'O. The corresponding hysteresis is equal to s’r’. Assuming 
Oe equal to O’e’ and Or equal to O’r’, we find that in the closed 
hysteresis loop OgO’mO the “hysteresisless” line OhnO’ divides 
that loop in halves which are symmetrical only when one of the 
halves is rotated in the vertical plane of OhnO’ through an angle 
of 180 deg. and the O’-point of one coincides with the O-point of 
the other. This characteristic of the hysteresis loop will later play 
an important part in the explanation of the general shape of certain 
types of loops. 

The hysteresis loop in Fig. 1 represents a complete cycle of move- 
ments from zero to maximum and back to zero again, due to a com- 
plete cycle of forces varying from zero to maximum and back to 
zero again. Since the forces increase and decrease between zero 
and a finite positive value, the loop may be called a “positive hys- 
teresis loop’ with the line OgO’ labeled as the +A or positive 
ascending curve, and the line O’mO as the +D or positive descend- 
ing curve. Lag sr would then be called a +A hysteresis, and lag 
s’r’ a +D hysteresis. In an actual determination of the hysteresis 
loop, however, the “hysteresisless”’ line OhnO’ would not be ob- 
tained, hence any hysteresis value would be the sum of the +A 
and the +D values in the same horizontal force line such as, for 
example, ry. The latter or total hysteresis for any given force 
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in a positive hysteresis loop would be known then as a + or positive 
hysteresis. The maximum horizontal width of the loop is the maxi- 
mum hysteresis, and the average width of the loop is the average 
hysteresis. There is some question in the author’s mind as to 
whether the maximum hysteresis should not be made up of the 
sum of the maximum +A and maximum +D hysteresis irrespec- 
tive of whether they are in the same horizontal line, since the same 
magnitude of cause or change of force is involved in each of these 
components. 

Suppose now the force is also made to vary between zero and a 
finite negative value (opposite direction). The “negative hysteresis 
loop” identical with the first or positive hysteresis loop would be 
obtained in which the various components would be named as 
indicated in Fig. 1. 

What causes hysteresis? The answer to this question requires 
the consideration of two principal factors, namely, the element of 
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HysTeREsSIS ALWAYS PRESENT IN THE ABSOLUTE SENSI 


Fig. 2 
time and a superimposed series of minor force cycles. In Fig. 
2(a) is shown a “hysteresisless”’ relation of cause and effect OO’ upon 
which we may plot any minor relation or cycles of minor relations 
that we suspect of being the cause of hysteresis. Beginning with 
Fig. 2 (b), which shows the probable effect of infinitesimal time lag 
plotted to an extremely large scale, we shall consider the previous 
statement that ‘‘cause and effect cannot take place simultaneously.” 
If this statement be true and we take an increment of force O1 
small enough, then the relation between force and movement must 
follow along the path O12 instead of along the path 02, and so 
on with the remaining increments of force both for ascending and 
descending values. Due to the lack of perfect homogeneity in 
the general order of things of practical dimensions, we should expect 
to have many of these stepped paths mounted on the line 00’ 
with an infinite variety of phase angles with respect to each other. 
This would give rise to the hysteresis loop 0140’560 of extremely 
small maximum width—indeed so small in most cases as to be in- 
comprehensible. The practical determination of this relation 
would yield naught but a straight line, and hence no visible hys- 
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teresis. Nevertheless hysteresis must be present in all transitions 
from cause to effect. 

Time effects of sensible proportions such as are associated with 
viscosity produce visible hysteresis loops of shapes somewhat differ- 
ent from the “philosophical” hysteresis loop in Fig. 2 (6), as will 
be seen in the discussion to follow. Assume in Fig. 3 the basic 
relation OO’ and a sensible range of speed and scale of plotting 
of the applied force. Now suppose that at the end of time t the 
force f produces a movement d, and then, without permitting any 
lapse of time for the completion of the full movement d; an addi- 
tional increment of force f is applied. By applying the force in 
this manner at the uniform rate of f/t, points O, 1, 2, 3, etec., are 
obtained, and by assuming different values, say f/ti, f/ts, f/ts... f/ tn, 
an infinite number of different-sized hysteresis loops may be ob- 
tained ranging from a maximum of Of,0’d,O to the minimum or 
zero loop of OO’O. It is assumed in all of the above cases that suffi- 
cient time is allowed for the completion of the movements AO’ 
and h’O. 

Next assume that for a uniform increase of force with respect 
to time, the speed of movement is proportional to the magnitude 
of force. This is the law of viscosity, which may be expressed 
symbolically as follows: 

aF M [1 

t 
where F is the force, M the movement, ¢ the time of movement, 
and aaconstant. Consider Fig. 4 (a) where the force F is applied 
to the piston p acting in the cylinder c filled with a liquid. So 
long as the constant force F is applied uniformly the movement of 
the piston will be uniform. But let the spring S, in Fig. 4 (6) be 
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Fic. 3 Simpitest Hysteresis DEPENDING UPON TIME 


deflected against the piston at a constant rate. Then as the torce 
increases the rate of movement also increases, giving rise to the 
type of hysteresis loop shown in Fig. 4 (c). Both the A and D 
lines of this loop are logarithmic curves obeying the expression 
[1], while line OO’ is the force-movement relation of the spring 
S;, assuming that the spring itself has no appreciable elastic liys- 
teresis. Movements for equal force increments in this case increase 
in geometric progression as compared with the case in Fig. 3 
where they increase in arithmetical progression. The loop in I'ig. 
4 (c) is called a mechanical-hysteresis loop of the viscosity type. 
Considering now the other principal factors in the development 
of hysteresis, namely, superimposed minor force cycles, let us refer 
to Fig. 5 (a), which represents a type of loop produced by a condi- 
tion analogous to the arrangement shown in Fig. 5 (b). The re 
sistance offered by the large spring S; corresponds to the basic 
relation OO’, while the force of friction acting at the suriaces 
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f’ due to the normal pressure exerted by the springs S: represents 


the constant force fx. The latter force superimposed on the basic 
relation OO’ gives the fic line, and on descending the cO’O line is 
obtained. Suppose now that the core E in Fig. 5 (a) is free tomove 
in the rigid cylinder W until the shoulder m bears against the end 
of the cylinder. Movement 6 acts as “backlash” in so far as the 
force of friction is concerned, but not so in the case of the basic 
force supplied in this case by spring S:. The effect of this condition 
alone would be to flatten the 
ends of the loops to straight 
lines, but if a series of these ar- 
rangements acting out of phase 
with each other be considered, 
then the ends of the loop will 
taper gradually to points as in- 
dicated. The latter modifica- 
tion occurs in an aggregate of 
crystalline metal grains, although 
this involves hysteresis of an 
elastic or internal type which 
will be taken up later. 

The type of loop described 
might be termed a frictional hys- 
teresis loop, and if the basic re- 
lation and friction are external 
to each other—that is to say, 
involve two separate and dis- 
tinct bodies such as our example 

Fig. 5 (b) happens to be 
then we have mechanical hys- 
teresis. On the other hand, if 
the basic relation and friction 
of the solid type are inherent 
properties of the same _ bodies 
or material, then we have hypo- 
elastic hysteresis, while if the 
basic relation and frictional in- 
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be absolutely certain that no new or unusual factors are introduced 
into the performance of springs due to the relatively large de- 
flection, even though the stress be of the same magnitude as in the 
rigid member whose corresponding deflection is extremely small? 
One case in particular where relatively large deflections have a 
profound influence is in the development of hysteresis loops, either 
of the mechanical, hyper-elastic or hypo-elastic types. Hysteresis, 
as has been stated, is the lag of deflection given in length units, 
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MecHANICAL-HysTERESIS Loop OF THE VISCOSITY TYPE 
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terference of the viscous or plas- 
tic type are inherent properties 
{ the same material, then we 
have hyperelastic hysteresis. 


MECHANICAL-SPRING CHARAC- v 
TERISTICS C 

Springs as a definite class 7 
of mechanical elements were 
first recognized by Robert Hooke 
of England about 250 years ago, 
at which time he formally an- 
nounced to the King of England 
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his discovery of a new theory 
of springs and gave a practical 
demonstration of it by present- -f, 
ing him with the first watch ever (a) 
driven and controlled by springs. 

Since that timesprings have been 

adopted for an enormous variety of uses, although the existence of an 
art in connection with mechanical springs in general has been rather 
obseure. Nevertheless springs are thoroughly woven throughout 
all industries, and it would be impossible to estimate their impor- 
tance to the successful operation of all types of machines, engines, 
Instruments, ete., or their effect on human welfare and safety. An 
enormous number of springs are manufactured each year by both 
‘pring manufacturers and users, but for such a commonly used 
mechanical element, engineers in general appear to know very little 
about them. The most obvious distinction between a spring and 
other types of mechanical elements is the relatively large retro- 
Active (elastic) deflection for a given stress. In the development of 
‘ertain spring formulas this fundamentally basic distinction has 
been lost sight of; that is to say, many of the formulas have simply 
been borrowed from the practice of rigid mechanical design, in which 
the ‘undamental assumptions specifically point out that the de- 
flections for all stresses must be of a relatively small magnitude, 
4 requirement contrary to the very nature of springs. Should we 
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Fig. 5 Frictionat Hysteresis Loop 

hence if the total deflection be extremely small, the maximum 
hysteresis would be too inappreciable for practical consideration. 
Furthermore the accuracy of deflectional control of springs often 
has a very important function, as, for example, in the measurement 
of contact pressures for length-measuring machines. It is obvious, 
therefore, that since deflection is the outstanding component of 
both spring action and hysteresis, these two manifestations have 
an important mutual relation. 


MECHANICAL HYSTERESIS 


Mechanical hysteresis is the lag in movement following the appli- 
cation or release of force to a mechanism whereby the interference 
causing the lag is external to the moving part. Friction between 
pins or pivots and their respective bearings is one source of me- 
chanical hysteresis because the bearings are external to the pins or 
pivots. Hysteresis of this source can be greatly minimized by 
proper design of the pivots or pins and by lubrication. In cases 


where very large hysteresis effects are desired, one must turn to 
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sources of the mechanical type, because at best hysteresis of the 
elastic type is comparatively small. It is only in cases where 
hysteresis must be eliminated to a high degree, such as in measuring 
instruments, that we are interested in the characteristics of hypo- 
elastic or hyper-elastic hysteresis. Of course a study of the latter 
has an important bearing on problems relating to the fatigue of 
metals or the theory of vibrations, whether of small amplitude or 
in connection with the oscillations of springs. 

Therefore, when a large measure of hysteresis is desired, it is 
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Fic. 7 INTERCHANGING ELASTIC ENERGIES OF AN OSCILLATING SPRING 
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OSCILLATIONS 


DAMPING 


Fic. 8 MeETHOD OF 
possible to design a mechanical-hysteresis loop of a size and shape 
best suited for the purpose. Consider, for example, the spring 
suspension of an automobile. Leaf springs, consisting of a number 
of long, narrow steel strips placed one on top of the other and held 
together by a band and several clips, are interposed between each 
wheel and the frame of a vehicle. The frame and all other masses 
in contact with the frame except the springs constitute the “‘sprung”’ 
weight, while the remainder of the vehicle, such as the wheels and 
axles constitute the “unsprung” weight. Now when the vehicle 
passes over an obstruction or rolls into a rut on the road, the sprung 
weight receives an upward or downward acceleration, depending 
upon the speed at which the vehicle is progressing. This starts 
a vertical harmonic oscillation of the sprung weight about its static 
position, i.e., the position when the vehicle is not in motion. Under 
the impossible theoretical assumption of no hysteresis in the system, 
the oscillation would be sustained indefinitely at the original 
amplitude provided no further obstructions or ruts were to be en- 
countered. Fig. 6 shows the graph that would be obtained under 
the previous assumption if the vehicle maintained a constant 
speed on a perfectly smooth road after encountering the obstruction 
and a projecting pencil attached firmly to the sprung weight were 
made to bear against a vertical plane parallel to the road. The 
sustained oscillation would obviously be unbearable for the pas- 
sengers, even for a short period, and would also decrease the life 
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of the car considerably. As a matter of fact, however, we know 
that these oscillations are actually destroyed in a very short time, 
but in order to understand this ‘‘damping” action, particularly 
in its relation to hysteresis, let us assume that the job of designing 
and producing this damping action is assigned to an engineer. 

Without hysteresis of any kind, including that due to the re- 
sistance of the air, a spring once set in oscillation will keep on so 
vibrating indefinitely at a constant amplitude. This should be the 
case, because upon release of the spring at 1 in Fig. 7 (a) the stored 
or potential energy 0120 is gradually changed to kinetic energy, 
until at O it is entirely changed into an equal amount of kinetic 
energy. The latter energy is then expended and changed into an 
equal amount of stored or potential energy 0340 which deflects 
the spring in the opposite direction. So long as the exchange of 
these two equal amounts of potential energy takes place between 
the positive and negative positions without any loss, the oscillation 
once started should keep on indefinitely at the constant amplitude 
12 or 34. The reason for this perpetual flow of potential energy 
back and forth between the positive and negative positions through 
the medium of kinetic energy is because of the assumption that the 
action of the spring is 100 per cent retroactive and the hysteresi: 
is zero. The question arises, how can the motion just described 
be stopped? A logical method would be simply to introduce a 
non-retroactive force so as to oppose the spring’s motion at all 
times. Upon loading from O to 1 in Fig. 7 (6) the total energy 
expended would be OA120, the area OA1O0 being due to the added 
non-retroactive force. Upon unloading from 1 to O, the total 
retroactive energy received back would be OD120 because the area 
O1DO represents the added retroactive force acting in the reverse 
direction so as to oppose the complete recovery of the retroactiv: 
energy 0120. Therefore of the total energy OA120 put into the 
system, only OD120 is retroactive or recoverable. If this energy) 
were available for full conversion into potential energy in the oppo- 
site direction, area 0340 would be less than area 0120 but equal 
to area OD120. Thus amplitude 12 is reduced to amplitude 34 
for half an oscillation. Now assume that the non-retroactive 
force is made to oppose the spring in the negative direction also 
thus reducing the delivered energy OA340, equal in this case to 
area OD120, to the retroactive or recoverable energy OD340 
This cutting down of the recoverable energy at each half-oscillation 
due to the losses represented by the hysteresis loops gradually 
reduces the amplitude to zero, thus destroying the oscillations of 
the spring. The speed at which these oscillations are damped or 
destroyed due to hysteresis depends upon the nature and relative 
magnitude of the non-retroactive force introduced for this purpose 
The manner in which these oscillations are damped is shown by the 
graph in Fig. 8. Under actual conditions the free oscillations of 
a spring are always destroyed in a relatively short time by hypo- 
elastic hysteresis and, if the initial stress is high, by hyper-elastic 
hysteresis. In certain exceptional cases air resistance may be 
sufficiently great to constitute an external or mechanical hysteresis. 
For vehicle suspensions this natural or internal hysteresis of the 
spring is insufficient to damp the oscillations quickly enoug) to 
insure comfort. 

In the case of leaf springs, however, it very fortunately happens 
that considerable friction exists between the leaf surfaces, which 
increases somewhat as the load upon the spring increases. ‘This 
forms a mechanical-hysteresis loop of greater magnitude than the 
inherent elastic-hysteresis loop mentioned previously, and accord- 
ingly is more effective in destroying oscillations that are so un- 
comfortable to passengers. Since this friction is uncontrollable 
and variable due to improper shaping of the leaves, variation I 
pressure exerted by clips and bands, and frictional condition o! 
surfaces, suspensions for modern high-speed vehicles, i.e., auto 
mobiles and railway cars, have in general been very unsatisfactory 
from the standpoint of riding comfort. In the automotive industry 
this condition has given rise to a distinct class of accessories that 
might be given the general name of oscillatory controllers and 
which in themselves represent a business of many millions of dollars. 
This class of accessories, comprising as it does devices under such 
names as snubbers, shock absorbers, stabilizers, checks, etc., af 
merely means to introduce less variable and more controllable 
hysteresis sources than the natural sources of friction exerted 
between the leaves. In one case the device consists of an a¢ 
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justable clamp that squeezes the leaves together so as to increase 
and control the interleaf friction; but this method is not to be 
encouraged, because it simply aggravates a serious source of our 
enormous spring breakages, that is, “ripple” bending. The 
general purpose of all ‘‘oscillatory controllers” is to control and in- 
crease the mechanical hysteresis of an oscillatory spring system, 
although very few of such devices on the market have apparently 
been designed with a clear understanding or application of this 
principle. The mediums for supplying the various types of non- 
retroactive interferences to the motion of the oscillating spring are 
confined air or liquids, rubber, and solid frietion, augmented in 


some cases by auxiliary spring action. These additional sources 


+ 











Fic. 9 Fut Hysteresis Loop or THe Viscosity Type FoR A COMPLETE 


OSCILLATION 


of mechanical hysteresis produce hysteresis loops of considerable 
magnitude and of a variety of shapes, depending upon the medium 
or combination of mediums employed. Viscous mediums produce 
loops of the types shown in Fig. 4, and solid-friction mediums of 
the kind shown in Fig. 5, while a combination of both mediums pro- 
duces a loop having the combined characteristics of both Fig. 4 
and Fig. 5. Mechanical-hysteresis loops of the viscous type are 
most effective in quickly destroying oscillations, because the size 
of the hysteresis loop automatically adjusts itself to the periodicity 
of the oscillation. In the viscosity loop shown in Fig. 4, the curve 
+A rises more steeply as the speed of force application (period of 
oscillation) is increased, which likewise increases the area of the 
loop. If the mechanical hysteresis of a suspension is due mainly 
to a viscous loop of the type shown in Fig. 4, then the amplitudes 
of succeeding oscillations will decrease along the logarithmic curve 
shown in Fig. 8, which corresponds to the logarithmic curve +A 
and +D of Fig. 4, a characteristic common to viscosity loops. 
Fig. 9 shows the full hysteresis loop of the viscosity type for a 
complete oscillation. 

In predetermining the magnitude and shape of the hysteresis 
loop in an oscillatory controller, one must know the representative 
initial amplitude and period of the oscillating spring, and the rate 
of damping necessary for the physiological and psychological 
satisfaction of the average passenger. The controller must be 
so designed that its force characteristic “‘meshes’’ properly with 
the spring characteristic. Very few if any of the devices on the 
market have apparently been designed with full consideration 
being given to these factors. 


Hypo-Evastic aNnpD Hyprer-Exuastic ENERGY 


Elastic hysteresis is the lag in deflection (or strain) following the 
application or release of a load (or stress) on a body in which the 
interference causing the lag is an inherent property of the material 
composing that body. 

Elastic hysteresis is termed “hypo-” when the maximum applied 
Stress is equal to or less than the true proportional limit of the 
material, and “hyper-” when the true proportional limit is exceeded. 
, The terms “hypo-” and “hyper-” were first applied to the stress- 
ing of materials by the author in 1923? in an effort to give a clear 


m—_—_— 


* Overstrain in Metals, Joseph Kaye Wood, Trans. A.I.M.E., 1923 pp. 
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picture of the mechanism of overstrain and to describe the char- 
acteristic shape of the general stress-strain diagram. These terms 
have the following significance: Fig. 10 represents a metallic crystal- 
line grain in the ideal isolated cubic form and of unit dimensions. 
In (a) the grain is deformed elastically by the shearing couple 
Pex and in (6) slip has occurred on the weakest crystallographic 
plane due to a very slight increase of force beyond Pz. Deforma- 
tions dz; and dz, are elastic and are practically equal to dz, while 
d,is plastic. The total deformation d; is therefore equal to d, + dz, 
and the stress Pe is the true proportional limit. Now according 
to the law of plastic (viscous) flow, the plastic deformation will 
keep on increasing at a constant rate of speed provided there is 
no further increase in the force Pz. By the same law, increasing 
the force to Pr [Fig. 10(6)] increases the speed of deformation, 
but while this is taking place the blocklets m and m, are being de- 
formed elastically to an amount dz3. Actually slip on the plane 
OO’ will eventually come to a stop and the increased elastic strain 
on the blocklets will cause slip on the next weakest plane within 
either of them, thus repeating the process just described. As the 
cubic grain is of unit dimensions, Fig. 10 (d) gives the stress-strain 
diagram for the case shown in Fig. 10 (a), Fig. 10 (e) for Fig. 10 (6), 
and Fig. 10 (f) for Fig. 10 (c). Referring to Fig. 10 (e), the equal 
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Fig. 10 DEFORMATION OF METALLIC CRYSTALLINE GRAIN UNDER 


STREsS 


deformations 61, 12, 23, and 3V occur in equal intervals of time so 
long as Pe is kept constant, but in Fig. 10 (f) the uniform increments 
of force al, 12, 23, and 3c cause the logarithmic increase in deforma- 
tion of 61, 12, 23, and 3V due to the previously stated fact that in 
plastic flow the rate of deformation beyond Pz (load of initial flow) 
varies directly as the increase in force. From this it is evident that 
elastic action does not stop at Pm, the true proportional limit, but 
continues right up to the maximum load Pr (tensile strength) simul- 
taneously with plastic action. The action may be viewed in 
this manner: up to the load Pe the elastic energy Oab alone is 
expended; beyond Pz the additional elastic energy acfb is expended 
in conjunction and simultaneously with the total plastic energy 
equivalent to area Oawu0. The elastic energy Oab is called hypo- 
elastic energy, and energy acfb is called hyper-elastic energy. 
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Briefly summarized, hyper-elastic energy generates and accel- 
erates the plastic energy represented by the plastic area in the 
diagram. First the hypo-elastic energy, is developed, then follows 
the development of hyper-elastic energy, but while the latter is 
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right-hand corner of the diagram for mild or semi-mild steel). 
From these principles it is evident that static strength can only 
be derived from elastic energy, while plastic energy merely prevents 
a state of division. Impact strength is derived from elastic strength 


augmented by the reaction of 
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Mopet ILLUSTRATING THE REASON FOR THE YIELD POINT 
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under development it is also generating and accelerating the 
growth of plastic energy. Graphically the stress-strain diagram 
beyond the hypo-elastic area Oab may be traced by giving the 
hyper-elastic area a uniform motion of translation to the right, 
causing the line ac to cut the verticals 1,2,3, and c, which points of 
intersection determine the stress-strain diagram. 

In Fig. 11 four typical stress-strain diagrams of steel with differ- 
ent carbon contents are shown in which the usual yield-point dips 
of the mild and semi-mild steel diagrams are temporarily ignored 
for the sake of simplicity, since they are not vital to the dis- 
cussion in hand. Hypo- and hyper-elastic areas are so marked, 
with the latter area in the final position after the completion of its 
motion of translation from the initial position adjacent to the hypo- 
elastic area (c coincident with Pz). The total plastic energy is 
represented by the areas marked hypo- and hyper-plastic, the former 
being generated by the maximum load Pz (true proportional limit) 
of the hypo-elastic energy and the latter by the variable load of 
the hyper-elastic energy (neglecting the small area of the upper 


will be high; while in hard steel the haid grains prevent early slip 
in the softer grains, particularly if the order of dispersion is high, 
and hence also give a high ratio of hyper-elastic energy. An even 
dispersion of both hard and soft grains, i.e., eutectoid steel, 
would give the lowest ratio of hypo-elastic to hyper-elastic energy 

In pure metals containing nearly all one kind of grains, usually 
soft, there is a pronounced dip and rise in the diagram following 
the load Pg which is called the yield point. This may be explained 
by the fact that since nearly all grains experience slip simultane- 
ously, there is an inertial effect which causes a momentary decrease 
in stress. The following anelogy may serve to illustrate this proc- 
ess. Suppose in Fig. 12 a pressure is brought to bear against the 
piston through the spring S. The bottom of the cylinder has a 
number of holes closed by diaphragms; in (a) the diaphragms al 
are of equal strength, while in (b) they have different strengths. 
At first, increasing the pressure merely deflects the spring, which 
corresponds to the growth of hypo-elastic energy. When the 
pressure reaches a value of Pg the weakest of the diaphragms 
breaks, allowing the liquid to flow, which corresponds to first slip 
on the weakest crystallographic plane. Further increase of pres- 
sure increases the rate of flow and deflects the spring further, which 
corresponds to the acceleration of plastie action and to the de- 
velopment of hyper-elastic energy. Now in (a), since all of th 
diaphragms are nearly equal in strength they will break almost 
simultaneously, which causes the pistons to drop a slight amount 
suddenly and hence to momentarily decrease the load on the spring, 
giving what corresponds to the yield-point dip in a stress-strait 
diagram for mild steel. In (6) only a few diaphragms break at 
first, followed by a more gradual breaking of the remainder, thus 
preventing the sudden drop of the piston and consequent momet- 
tary decrease of the load, and giving what corresponds to the ab- 
sence of the yield point in a stress-strain diagram for hard steel. 
Actually ultra-sensitive experiments‘ have shown that the yield-poin 
dip has a slight fluctuation superimposed upon it which, on the bas! 
of the hypo-hyper-elastic theory, can be explained by the fact that 
under the conditions stated for Fig. 12, the spring S would execute 
a series of oscillations during the momentary period of instability: 

In all of the above discussion the stress-strain diagrams have 
been based on the original cross-sectional area of the steel piece 
they represent. Actually, a steel specimen “necks” or decreases 
locally in diameter, and in doing so becomes considerably harder 





4W. E. Dalby, Proceedings of the Royal Society of London, v' 1.7864, 
1911-12. 
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at that particular section. The diagrams discussed do not take 
into account this additional elastic energy which is of the hyper 
type. Fig. 13 gives a stress-strain diagram based on the actual 
diameter as it varies to the point of fracture, and on it the correct 
hyper-elastic area abcda is shown. Comparing this more exact 
area with the hyper-elastic area efgde by the diagram in current 
use, we see that it is very much greater. 


Hyper-Exvastic Hysteresis 


Hyper-elastic hysteresis is a lag in deflection (or strain) following 
the application or release of a load (or stress) within the hyper- 
elastic range. Fig. 14 shows the manner in which the hyper-elastic 
hysteresis loop is formed. Area OPze represents hypo-elastic 
energy, area gfPx,eb the hyper-elastic energy, and area aP mb the 
sum of the two or the total elastic energy thus far expended. In 
releasing all load one would expect on first thought that since all 
elastic action is retroactive, the unloading would proceed along 
line Pe,fda, but such is not the case. Instead the unloading follows 
the line Pzec, which indicates that with the exception of elastic 
energy adc, the hyper-elastic energy is lost as hysteresis—due no 
doubt to self-interference of grains in the aggregate, and to the 
simultaneous action of hyper-elastic action with plastic flow during 
loading. Only the hypo-elastic energy which was developed 
freely on loading is recovered. Reloading therefore proceeds 
along the line cdPm, the new proportional limit being higher than 
the original Pe. Area cdPejec is called the hyper-elastic hysteresis 
loop, and it will be noted that with the addition of area adc it is 
equal to the hyper-elastic energy gfPx:b. The energy represented 
by area adc is not lost, its particular function being to raise the 
proportional limit from Pz to Px. 

To summarize, we can say that most of the hyper-elastic energy 
is lost upon eyclic unloading and loading, the loss being equal to 
the hyper-elastic hysteresis loop. The remaining small amount 
of hyper-elastic energy remains as “trapped” or stored stress which 
manifests itself by a higher proportional limit. A material in 
this state is said to be overstrained. In certain metals such as 
zinc, Wherein the percentage of plastic energy to elastic energy is 
high, the deformation Oc in Fig. 14 (a) creeps back to Oa, thus 
releasing the ‘“‘trapped”’ energy adc and lowering Ps to f. This 
creeping back, which is called “elastic after-effect,’’ does not take 
place in all metals immediately upon unloading, but requires, in 
the case of soft iron, heating to a temperature of 212 deg. fahr., 
and in the case of certain steels and phosphor bronzes, to a tempera- 
ture of about 500 to 600 deg. fahr. Likewise, upon loading, point Pe 
may extend or creep to h, and, as in the case of elastic after-effect, 
may for certain metals require a given temperature to accelerate 

thismotion. The latter movement is usually designated as “creep.” 
This time effect in connection with the hyper-elastic hysteresis loop 
is to be expected, since it is derived from hyper-elastic energy, 
which, as we have seen, is developed simultaneously with plastic 
energy, whose characteristic depends upon the factor of time. 
Asa matter of fact, under proper conditions of cyclic speed certain 
materials might not show any hyper-elastic hysteresis loop, even 
though the true proportional limit be exceeded. This would be 
due to two reasons: namely, sufficient internal heat would be de- 
veloped to accelerate creep and elastic after-effect, and there would 
be a normally low plastic-flow limit. At this point it should be 
tepeate that viscosity, and hence plastic flow, increases with 
temperature as well as with pressure, which accounts for the de- 
velopment of greater plastic energy (greater ductility) at elevated 
‘emperatures. On the other hand, elastic energy, particularly of 
the metals, decreases with temperature due to a reduction in atomic 
attraction brought about by the increased thermic vibration. 

In Fig. 14 (6) several more cycles of loadings and unloadings have 
been added, and in each case the new and higher proportional limit 
has been exceeded. In each loop the corners O;, Oo, Os, e:, €2, and 
& have been rounded, which is more in accordance with experi- 
mental evidence and which is due to the statistical character of 
Properties of crystalline metal aggregates. From these progressive 
tyeles or hysteresis loops it is evident that— 


: The hypo-elastic energy remains constant. 
« The hyper-elastic energy increases. 
The hyper-elastic hysteresis loop increases in area. 
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4 The “trapped” stress energy increases, hence the possible 
elastic after-effect and corresponding creep also increase. 

5 The proportional limit apparently increases, but actually 
the proportional limit of the elastic phase remains constant. 

6 Proportionality below the apparent proportional limit is, para- 
doxically, destroyed, although actually proportionality of the elastic 
phase has not fallen down. 
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MANNER IN Wuicu Hyper-Exastic Hysteresis Loop Is Formep 


Fie. 14 


Without the hypo-hyper-elastic conception, one is apt to draw 
vague and erroneous conclusions as to how an overstrained metal 
acquires its additional strength or hardness. But from Fig. 14 (6), 
it is easily seen that the raising of the proportional limit is due to 
the ‘trapping’ of some of the hyper-elastic stresses. We shall 
see later in the consideration of full or reversed cycles how the 
additional hyper-elastic energy is acquired, and this it is essential 
to know, since we have seen that the hysteresis loops are derived 
from this source. Figs. 15 and 16 show two diagrams obtained 
experimentally;® in the former no elastic after-effect is in evidence, 


’ W. E. Dalby, Proceedings of the Royal Society of London, vol. 86A, 
1911-12. 
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while in the latter it is quite pronounced, which is to be expected 
in view of the dominance of the plastic phase in zine. 

Fig. 17 consists of a series of complete or reversed-stress cycles 
which show, as it was shown experimentally many years ago by 
Bauschinger, that as the proportional limit is increased in the 
positive direction it is correspondingly decreased in the negative 
direction. Thus +Pm, +P, and +Pe3 represent positive in- 
creases, and correspondingly —P 2, —P 22 and —P 3 represent nega- 
tive decreases. In the primitive cycle (—P,)O(+P x1), so called 
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Fig. 17 SeveraAu ReEpetitTions oF CoMPLETELY REVERSED CYCLES OF 


STRESS 
because it presents a piece of metal in a perfectly unstrained or 
virgin state, the hysteresis of the hyper-type is zero within the 
limiting stresses +Pz, and —Pxr. The first positive overstraining 
of the metal during its history raises the positive proportional limit 
to +Pz. and decreases the negative proportional limit to —Pz. 
It also creates the hyper-elastic hysteresis loop in the following 
manner: In the primitive state the hypo-elastic area +B equals 
—B, while in the first overstrained-state area +B, equals +B, of 
the primitive state, but hypo-elastic area —B, is less than —B,. 
A study of the diagram shows that the balance of hypo-elastic 
energy —B, minus —B; equals the positive part of the acquired 
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hyper-elastic loop less the areas D, and C2, which, as we have learned 
previously, is equal to the hyper-elastic energy. Areas D, and C, 
represent the energy due to trapped hyper-elastiec stress and corre- 
spond to —A,z and + Az, respectively. Likewise with the third 
overstrained state, more of the negative hypo-elastic energy is 
converted into hyper-elastic energy, which in turn is lost as hys 
teresis and trapped stress in virtue of which the positive propor- 
tional limit is further elevated and the negative proportional limit 
is further depressed. 

From the above principles the very important deduction ca: 
be made that the total hypo-elastic energy of a material in thy 
primitive or virgin state is the total elastic energy which that ma 
terial is capable of developing in a complete cycle of stress. Hyper 
elastic energy does not represent a gain since it is practically a 
lost in the hyper-elastic loop. Hyper-elastic stresses which gi 
rise to hysteresis are trapped due to the fact that slip or plasti 
action is irreversible until the slip stress, i.e., the negative propor- 
tional limit, is reached in the reverse direction. This dependence 
of irreversibility of slip on negative hypo-elastic action is the unde: 











Fic. 18 


OscILLATION OF THE Hyper-Evastic Hysteresis Li | 


lying reason of all hyper-elastic hysteresis. In confirmation of this, 
it has been found by many experimenters® that a definite frequenc) 


of stress repetition will obliterate hyper-elastic hysteresis, whic! 
can be accounted for by the fact that sufficient heat is developed 
on the slip surfaces to reduce the viscosity materially and enable 
instantaneous creep and elastic after-eTect to take place. For 
instance, Gough’ finds the fatigue endurance lirait by determining 
the “kinetic’’ proportional limit, which can only be accomplished 
by obliterating the hyper-elastic hysteresis loop caused by over- 
straining a metal to the “commercial” proportional limit. Thi 
“kinetic” proportional limit determined while the metal is under 
quick repetitions of stress is the true proportional limit, and since 
the true proportional limit is the stress starting the first slip, " 
is also the fatigue endurance limit.. Due to lack of sensitivity ! 
the static determination of the proportional limit, the metal ! 
overstrained, and the ‘‘commercial’’ figure thus obtained repre 
sents a limit higher than the primitive figure. 

Fig. 18 shows a closed cycle, but not strictly of the hyper-elast 
type since it also includes the area of plastic energy. Nevertheless 
it is a hysteresis loop that would be obtained in stressing a meta! 
between its commercial proportional limits +CPz and —CPr. The 


: 


6 G. H. Keulegan, Statical Hysteresis in the Flexure of Bars, Technologic 
Paper No. 332, U. S. Bureau of Standards. 4 

7 Gough, H. J. Improvements in Methods of Fatigue Testing, Thé En- 
gineer, August 12, 1921. 
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ied true proportional limits +Pz and —Pz, or stresses of first slip, 
C; are the endurance limits, from which it follows that the endurance 
Te- limits are always to be found within the commercial proportional 
ird limits to different degrees, depending upon the nature of the metal 
Is and upon the sensitivity of testing equipment. There is con- 
ys siderable information to be gleaned from this diagram in con- 
or- junction with experimental data as regards fatigue, but the author 
mit will have to make this the subject of a future paper. Attention 


will be directed at this time, however, to an important fact shown 
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Fic. 19 Hypo-Evastic Loop 
by the diagram, namely, that the hyper-elastic hysteresis loop 
Vf oscillates between the extreme positions of M,; and Mo, the ampli- 
t either side of the zero position being equal to A. 
Hypo-E.astic HysTeresis 
We have seen in the foregoing discussion on hyper-elastic hystere- 
sis that under a relatively high frequency of cyclic repetition a 
state Is set up which obliterates this type of loop. It will be shown 
that there is another entirely different type of hysteresis which 
ilways encountered, although to an extremely smaller degree, 
within the hypo-elastic range of stress, i.e., the true proportional 
ts. High frequency of cyclic repetition will not obliterate 
elastic hysteresis, and time in no way effects the size of the 
» obtained. Loop size seems to vary only with stress range and 
| nature of material. For this and other reasons, experimental’ 
i mathematical,® the cause of hypo-elastic hysteresis seems to 
us be one of internal friction of the solid instead of the viscous type. 
iene} It therefore takes the shape of the loop shown in Fig. 9, but instead 
whic! - 
ype * A. L. Kimball and D. E. Lovell, Internal Friction in Solids, Trans. 
nable A.S.M.E., vol. 48 (1926), p. 479. 
For *S. Lees, Philosophical Magazine, 6 series—44, July—Dec., 1922, p. 374. 
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of leaning toward the lenticular shape as this does, it tends somewhat 
toward the viscous as shown in Fig. 4, but for a reason entirely 
different from that of time effect. Kimball* has shown that this 
type of internal frictional energy varies as the square of the ampli- 
tude of stress, which would support the previous contention and 
would also give the logarithmic rate of damping of free oscillations 
shown in Fig. 8, which coincidence with viscous damping has led 
many analysts excepting Lees® astray. It is the author’s feeling 
that the internal friction causing hypo-elastic hysteresis takes place 
at the grain boundaries due to their tendency to rotate. The couple 
N shown in Fig. 10 (a) which must be applied in order to maintain 
equilibrium is the normal to this force of friction, and since this 
normal must increase with stress range, the friction must increase 
also, most probably as Kimball has found. Fig. 19 shows a hypo- 
elastic loop constructed on this basis. 

Fig. 20 shows a combined hypo-elastic and hyper-elastic loop. 
The cyclic state (rapid repetitions of stress) reduces the hyper or 
outside loop OPO’P’O to the inner or hypo loop OMO’M’O. 
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Fic. 20 ComBIneD Hypo-E.astic AnD Hyper-Evastic Loop 


In determining the fatigue endurance limit by the temperature 
method it is found that there is a very slight and uniform increase 
of temperature up to the endurance limit, and that at this stress 
there is a rapid increase. Might not this uniform slight increase 


be due to the friction of hypo-elastic hysteresis, which is relatively 
small, and the large increase be due to heat generated by the 
crystalline slip of hyper-elastic hysteresis, which is relatively large? 





A Description of the Henry Ford Trade School 


Particulars of a Successful, Self-Supporting Trade School with 1700 Students Who Work Two Weeks Out 
of Three in the School Shop, Devote the Third Week to a Course of Study, and Who Each 
Receive from $450 to $1000 Annually 


By FREDERICK E. SEARLE! 


It is not 
merely the assimilation of vast numbers of words. Neither 
is it the parrot-like acquiring of theories. Fundamentally, 

it is training in how to use the faculties with which a person is born 

and the knowledge which he may obtain. 

Paper does not and cannot take the place of practice. 
cannot take the place of fact. Hypothesis cannot take the place 
of action. An educated man is one who can do things as well as 
know things. He cannot count himself educated unless he can make 
effective use of what he knows. 

The digestion of dictionaries has too long been mistaken for 
learning. A book may contain all the knowledge in the world and 
still be useless if no one opens it. A man may possess all the 
learning of the human race and still be useless if he does not make 
practical application of that learning. True education enables a 
man to accomplish things. When it fails in that it fails in every- 
thing. Nowhere on earth is there any one so pitiful—or so futile 
as the ‘‘educated”’ man who cannot make his own way in the world. 

And yet schools have been educating people away from life. 
They have stressed the knowing and neglected the doing. 

The greatest single flaw in modern formal education is the neglect 
of the hand in favor of the head. Pupils are told how others do 
things, but they are not asked to do these things themselves. 
They hear of work in the abstract. They may even see it but they 
do not do it. Their ears and their eyes and their tongues are 
employed. But their hands are left idle. 

Yet the hand is considered by many the most important of all 
implements of the mind. It is the chief pathway to the brain. 
It conveys more impressions to, and more expressions from, the brain 
than all other agencies combined. It has been estimated by compe- 
tent educators that 90 per cent of all elements of education are 
communicated to the brain by the hand. It is the symbol of use- 
fulness, the instrument of usefulness. The turning of virtually 
all acquired information to practical purpose must come through 
the hand. Contact and action are attributes of the hand. These, 
and accuracy, initiative, judgment, ability, effort, ingenuity, 
discipline. 


oy is the fitting of a person for life. 


Theory 


DISADVANTAGES OF MopDERN EDUCATION 


Modern education has a tendency to withdraw youth from life 
until twenty years or more have passed. These twenty years are 
devoted to talk—to discussions of what others have done. Work 
seems to the pupil far distant and unreal. It is something to be 
talked about, but not accomplished. Then, at the end of the twenty 
years, he is plunged abruptly into the world. There for the first 
time he learns that the person who can do things is rated high above 
the one who can only talk about them. 

The remedy for all this must lie in coérdination of hand and head 
in the schooling of youth. Energy must be added to education. 
Work cannot be found in books. It is found only in experience. 
And work comes through the hand. Books can tell a pupil how 
others have worked, but his own hands tell him how he himself 
has worked. 

This paper is not a plea for manual training. It is not even a 
defense of much that passes for technical training. It is merely 
a description (brief, and therefore inadequate) of one school where 
the coérdination of hand and head has been attempted with justi- 
fiable results—a school where pupils read how a thing is done and 
why it is done, and then do it. 





1 Superintendent, Ford Schools. 

Contributed by the Committee on Education and Training for the 
Industries for presentation at the Spring Meeting, White Sulphur Springs, 
W. Va., May 23 to 26, 1927, of THz American Society of MECHANICAL 
ENGINEERS, 29 West 39th Street, New York. All papers are subject to re- 
vision. 


The Henry Ford Trade School is fortunate. 
for a textbook and a steel mill for a laboratory. 
who have done what they teach. It has definite aim (which, 
sadly enough, many schools lack). It is equipped to produce 
useful articles, not playthings to be discarded. It has class rooms 
for theory and shop rooms for practice—and theory and practice 
go hand in hand in the instruction of the pupils. 

What a boy learns in the class room has direct bearing on what 
he learns in the shop. What he learns in the shop fills out what he 
learns in class. The one is explanation, the other demonstration. 
And the demonstrating is done by the boy himself. He learns a 
thing by doing it, not by hearing others tell of it. 

The school is intended for youths less fortunate than their 
fellows—not to “help” them in the sense of the professional phil- 
anthropists, but to help them help themselves. Its purpose is not 
to establish records, nor to set itself up as a model for the world to 
follow. It is not a school of “picked” youths, if by picked one 
means selected for especial brilliance. The boys are selected for 
their own needs, not the needs of the school. Orphans make up 
10 per cent of the school’s enrolment. Forty-five per cent are 
widows’ sons. Fully 80 per cent contribute to the support of 
themselves or of others at home. The boys are neither remarka- 
bly brilliant nor markedly dull. Taken as a whole they average 
pretty closely to the type of boys found in other schools of similar 
age range. Yet they progress at a rate much faster than that of 
other schools. Their aptitude not only along mechanical lines but 
in the higher technical and even cultural branches substantiates 
the belief that the basic idea of the school is fundamentally sound. 

By no stretch of the imagination is the school a charitable insti- 
tution. Charity makes drones. The boys at the Henry Ford 
Trade School are not drones. They are workers. And they are 
happy, working. The school teaches them self-reliance. It 
teaches them sturdy independence. They are under no obligations 
when they come, and they are under no obligations when they leave. 
They work as they learn, and they earn as they learn. 


It has an industry 
It has instructors 


CARDINAL PRINCIPLES FOLLOWED IN THE HENRY ForpD ScHoOOL 


The Henry Ford Trade School was established in October, 1916, 
with six pupils and one instructor. There are now 1700 pupils 
and 125 instructors, with a waiting list of more than 5000 loca! boys 
eager for admittance. At the time the school was founded, three 
cardinal principles were laid down. They were: 


Each boy to be kept a boy and aot made a pre- 
mature workingman. 

Industrial training to keep pace with academic in- 
struction. 

Pupils to be trained by making products of actual 
use, not articles to be thrown away. 


These principles have been closely followed in the development 
and expansion of the school. Underlying each activity has beet 
the desire to train the boys both to think and to act for themselves. 

Youths are admitted to the school between the ages of twelve 
and fifteen. When they become eighteen they are automatically 
graduated from the Junior Course, but they may continue thell 
studies in the Senior Course until they are twenty. At this time, 
or before, they are offered positions with the Ford Motor Com- 
pany. The academic training in the Trade School corresponds 
to that of an accredited high school. The shop training is believed 
to exceed that of any similar school in the world. 

Upon entering the school each boy receives a cash scholarship 
amounting to $7.20 a week. This is paid him on the fifth and 
twentieth of each month, and continues through a vacation 0 
three weeks in the summer and one week at Christmas. A report 
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covering the pupil’s work is prepared each six weeks. If this re- 
port shows that the boy is applying himself, his scholarship is in- 
creased 40 cents a week. When the $10 rate is reached, the char- 
acter of work produced in the shop is also taken into consideration. 
By the time an attentive youth is seventeen, he should be receiving 
a scholarship of $18 a week, which is the maximum for a boy until 
he is eighteen. 

Thrift is considered one of the most important of all lessons taught 
at the Henry Ford Trade School. 

To encourage boys in developing it, the school awards each pupil 
an additional $2 a month as thrift money. This must be deposited 
in some bank and kept there as long as the boy remains in school. 
Bank books must be submitted regularly to show that the money 
has not been withdrawn, but it is the exclusive property of the boy 
and is turned over to him without restriction when he leaves the 
school. 

Each noon a hot luncheon is furnished the boys. The three 
items—scholarship, thrift fund, luncheon—make the minimum 
amount received by the pupil $450 a year, and the maximum, 
$1020. Under the present enrolment this amounts to more than 
$1,000,000 annually. 

The main building of the Henry Ford Trade school adjoins the 
Highland Park Plant of the Ford Motor Company. A branch of 
the school has recently been opened at the Fordson Plant, with 
accommodations at present for 150 pupils. 

While complementing each other, the two branches of instruction 
are kept entirely separate. Each boy devotes one week of study 
to the class room, and then two weeks to the shop. 

THs ACADEMIC CURRICULUM 

During the academic week the boy attends class work only. 

Throughout his course he attends classes in 


Auto Mechanics 
Mechanical Science 


English 
Mechanical Drawing 
Civics 


The following subjects are one-year courses and are taken in 
the order given: 
Shop Arithmetic 
Algebra 
Commercial Geography 
Elementary Chemistry 
Geometry 


Qualitative Analysis 
Physics 

Quantitative Analysis 
Metallurgy 
Metallography. 


The work in drawing, chemistry, and mechanical drawing is 
of a more advanced grade than that given in high schools, and 
boys have been given advanced credit in college for these subjects. 

Boys who wish to attend college take history and foreign lan- 
guages in some other school. Many of the boys are doing this. 

All boys come to school at 7:30 each morning for five days a week. 
Those in the shop are dismissed at 3:55 p.m. Those in class leave 
school an hour earlier and are credited with an eight-hour day. 

The school shop is separate from the Ford Motor Company and 


covers three acres of floor space. On one floor is a series of rooms 
totaling a length of 1400 ft. with an average width of 70 ft. In 
this shop are hundreds of the finest machines of many types. The 


total equipment is valued at more than $1,000,000. In this shop 
there are 18 departments, and two men spend their entire time 
moving boys from one department to another as fast as they have 
completed the requirements. An accurate record is kept, not 
merely of the department in which a boy has worked, but also of 
the various operations he has performed in each department. 


SHop Courses 


A new boy is always placed on a machine set to do one simple 
operation, and he is kept on this work until he becomes in a measure 
accustomed to machinery. He is then transferred to work on a 
shaper, lathe, milling machine, grinder, and bench. As far as 


possible boys are also given an opportunity to work in the following 
departments: 


Forge Foundry Car Repair 

Die Sheet Metal Wood and Metal Pattern 
Gage Nickel Plating Carpentry 

Hardening Valve Repair Tool Repair. 
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In the shop each job is done on a work order. An expert esti- 
mates how many hours it would take a skilled mechanic to com- 
plete the work. An accurate record is kept, and boys and in- 
structors try to come within the estimate. Over a period of years 
the percentage of excess time required has varied greatly, rising 
to 60 per cent and sinking to 13 per cent for the month of September, 
1926. The average is about 25 per cent more than the time re- 
quired by skilled men. 

The spoilage averages 4 per cent, which is about twice that of 
the average tool room. No work is done merely for practice. 
Everything the boys make is to be used unless spoiled. Even in 
the class, wherever it is possible, practical work is done by the 
boys. Instruction in mechanical drawing is given during the entire 
course, and many of the older boys, under the guidance of instruc- 
tors, do development work for the Ford Motor Company for which 
the school receives credit. 

At eighteen the boy enters the Senior Course. He works in the 
shop eight hours each day and attends class work in advanced 
drawing and mathematics four hours each week. His rate is 
gradually increased to $30 a week by the time he is nineteen, and 
may reach $40 a week when he is twenty. At twenty or before he 
is offered a position in some department of the Ford Motor Com- 
pany. 

The activities of the boys are by no means limited to the class 
room or the shop. An orchestra shares musical honors with a glee 
club. The Artisan, a creditable school paper edited by the boys, 
is published twice a month. A radio club delves the mysteries of 
the ether. A dramatic society has put on several worth-while 
shows. The Exploration Club is a social organization through 
which the pupils come into direct, friendly contact with their 
instructors. Inter-class athletic games are arranged, but no 
teams represent the school. 


THE SCHOOL SELF-SUPPORTING 


The annual value of material produced in the shop by each boy 
is approximately $1000. Thus the income from work done for 
the Ford Motor Company is about $1,700,000. This is sufficient 
to pay the students’ scholarships, salaries to instructors, and all 
the upkeep of the equipment. It does not, however, pay interest 
on the investment in buildings and equipment. 

Educational work in the Ford Motor Company is not confined to 
the Henry Ford Trade School. There is the Ford Apprentice 
School, where 1500 men between the ages of twenty and twenty-five 
are trained as skilled mechanics. The course covers a period of 
three years. The pupils are not segregated. They work along 
with other men in the various departments, but a foreman in each 
tool room moves them from one machine to another as fast as they 
master each job. For the first two years of the training period the 
apprentice must attend one class each week in mechanical drawing 
and mathematics. The class periods come either before or after 
their regular working hours, and for them they receive no pay. 
The starting rate for apprentices is $6 a day. This is gradually 
increased to $8 a day by the time the course is completed. 

In addition to the regular classes, courses in electricity, metal- 
lurgy, and metallography are conducted for the benefit of those 
employees whose work makes information in these subjects helpful. 
The mathematics and drawing courses were written in the depart- 
ment, and include not only a general training in these subjects but 
a large number of actual problems peculiar to tool and die making. 


SPECIAL STUDENTS FROM ABROAD 


The Ford Service School has an enrolment of 300 special students 
from more than thirty different countries. Many of them are 
graduates of colleges and technical schools who are desirous of 
serving their own country by studying those things in American 
industry which can be used to advantage in their homelands. It 
is partly as a courtesy to the nations they represent, and partly 
in the hope that they may later prove an asset to the company, 
that the Ford Motor Company has placed them in training. 

The school is recognized as an educational institution by the 
United States Department of Labor, and the foreign students are 
permitted to enter the country on student visas without regard to 
the quota allowed their nation. The course requires two years. 
The men are placed in a few manufacturing departments of the 
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company, but most of their time is passed in the various assembly 
and repair divisions. 

At the present time delegations are in the school from Armenia, 
Australia, Brazil, Canada, Chile, China, Colombia, Costa Rica, 
Cuba, Czechoslovakia, Egypt, Denmark, Finland, France, Ger- 
many, Guatemala, Holland, India, Japan, Jugoslavia, Mexico, 
Norway, Panama, Persia, Philippine Islands, Poland, Porto Rico, 
Portugal, Russia, Scotland, Spain, Sweden, Switzerland, Turkey, 
and Greece. The rate for each student is $6 a day as long as he 
remains on the course. 

CoOPERATIVE STUDENTS FROM DIFFERENT COLLEGES 

More than 200 coéperative students are also received by the Ford 
Motor Company from different colleges, the larger groups coming 
from the University of Detroit, the Detroit School of Technology, 
the University of Cincinnati, and Antioch College. The students 
are placed in the tool rooms and special departments. Those who 
are assigned to a single department may receive more than the 
minimum wage; those who are shifted through the various depart- 
ments remain on the $6 rate. Many of these students remain with 
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the organization after completing their college courses, the special! 
technical training proving of great value to them. 

It is impossible at this time, of course, to estimate accurately 
the significance of the Henry Ford Trade School. That it is of 
value both to the pupils and to the company is apparent. The 
oldest of the graduates are now only twenty-six, but already they 
are forging ahead of their fellows who have not had the benefit 
of the special training. And from the graduates of the school the 
company expects to draw many of its higher executives of the 
future. 

But the true worth of the school will be measured not so much in 
terms of those who have direct contact with it, as in the effect it 
will have on educational measures at large. Here, for almost the 
first time, the coérdination of head and hand in the instruction of 
youth has been attempted on a large scale. Students are not alone 
taught how to acquire knowledge. They are taught how to use it. 

Industry in the past quarter-century has progressed farther than 
during any other thousand-year period in all history. Education 
has failed to keep pace. The Henry Ford Trade School is an at- 
tempt to lessen the breach between the two. 
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The Relation of Building Design to the Manu- 
facturing Process 


Broad Principles Governing Building Projects—Special Features of Building Design, Assuming Process 
to Have Been Perfected—Descriptions of Buildings for the Manufacture of Soap, Linoleum, 
Plate Glass, and Textiles, and for Publishing Magazines and Newspapers 


By CHARLES P. WOOD,' NEW YORK, N. Y. 


HE purpose of a manufacturing building is to protect 
equipment and stock and provide working quarters for 
employees. The ideal building would have all its features 
developed just enough to insure efficient operation. To get the 
building right requires knowledge of the relative values of the 
features that make up a complete building. Certain features 
are more important for one kind of operation than for another. 
Therefore the manufacturing process, which is the source of in- 
come, should be the governing factor in the building project. 

The first cost of a building may be so low that repairs and de- 
preciation will make the actual cost higher than that of a building 
which requires a larger initial expenditure. At the same time 
there is danger of investing more in buildings than the company 
ean afford, 

Money saved in a building operation is made available for more 
profitable investment elsewhere. To spend more than seems at 
first necessary is Sometimes justified by advertising value, pro- 

i for future expansion, adaptability for other than the original 
occupant, ete. Sefore the design is started the policy of the 
company should be made clear, as it affects financing, future growth, 
ind possibility of changes. 

In brief, an economic study should precede the building plans. 














Fic. 1 


WASHING-PoOWDER AND Soap Factory 


The value of the land, the earning capacity of the business, the 
advertising value of the location and of the building’s appearance— 
these and other features outside the process have much to do with 
the character of the building. A building which suits the process 
but which can be converted to another purpose, for instance, is a 
better investment than one which is not adaptable for a change 
ol occupancy. This is only common sense, but it is something 
worth repeating as we think of the number of expensive buildings 
oflered for sale around the country at a fraction of their first cost 
because they were really suitable for only one thing and that 
thing did not succeed at that place. It has been found that new 
discoveries, inventions, and changing conditions require changes 
in & process from time to time. Some of these changes make 
hecessary the complete rearrangement of a department or of the 
entire factory. If the building has been too highly specialized 
<nnanaens 
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in the beginning, the cost of alterations and additions may be out 
of all proportion to the benefits already derived from the original 
design. No matter how clever some special feature may be, it 
should not be allowed to block future developments unless it 
promises to pay for itself in the meantime. While it may pay to 
invest $15,000 to save one man’s time and $10,000 to save one 
girl’s time, the operation will have to continue for ten years before 
the investment will be protected. Idle space results from “playing 
safe’ whenever in doubt—a common fault which starts as a frozen 
asset and develops into a liability. 

So far we are dealing only with the broad principles that govern 








Fic. 2 


Typical FLoor oF MAIN BUILDING SHOWN IN Fa. 1 


the building project before the special requirements of the process 
have been considered. Having determined the limits within which 
the work must be kept, the process becomes the first thing to lay 
out, and then the building remains to be put around the process. 

Provision for the comfort of employees may be a matter of 
sentiment in some cases, but generally it pays. The demand, 
in this respect, varies with the locality and the kind of people who 
work in the factory. A comfortable place to work, with good 
light, increases production and improves quality in a silk mill or 
machine works, for instance, while the same thing would be ex- 
travagant in a fertilizer factory. Competition for the better class 
of labor gives the advantage to the factory that has clean lavatories, 
lockers, dressing rooms, and rest rooms. Skilled workmen, male 
and female, prefer to change their clothes at the factory. Many 
intelligent girls seek employment when they are sure they can keep 
their street clothes in a safe place and look well on their way to 
and from work. The lunch room or cafeteria is a problem that 
depends upon the number and class of workers and the location 
of the plant. Habits and preferences have to be studied before 
the solution can be found. In general, experience has shown 
how far to go with expenditures for comforts before having to make 
a charge against such facilities as non-productive. 

Good appearance has to be sacrificed to utility, in the main, 
but a well-proportioned building can be made to look well without 
spending money for ornamentation. Of the two, proportion 
gives a more pleasing effect than ornamentation. Good engineering 
demands a sense of proportion beyond the strict requirements 
of the process, and here is where the client gets something extra 
for his money when he retains an engineer that knows his business. 

This paper will be devoted to special features of building design 
on the assumption that the process, in each case, has been per- 
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fected. It will be understood, then, that the sequence of operations 
has been worked out to eliminate unnecessary handling, to take 
advantage of movement by gravity, and to use the simplest and 
most efficient conveying systems where such appliances are needed. 
Furthermore, the prevailing standards for safety, insurance, and 
building codes are taken for granted. Buildings already con- 
structed for a variety of purposes will be described, so the examples 
taken may be accepted as actually in service rather than as theo- 
retical schemes of doubtful value. The photographs presented 
were taken before this paper was contemplated. 

The buildings to be described cover plants for making soap, 
linoleum, plate glass, rayon, silk and cotton goods, and for printing 
magazines and newspapers. 


WaASHING-POWDER AND Soap Factory 


Fig. 1 shows the exterior of the complete plant. ©The main build- 
ing with its tower is at the left. This is a general manufacturing 
building. The tower is designed for a special powder process. 
The first and second floors are used for the receiving, shipping, 
and storage of raw and finished products. Soap is pumped 
from the kettle house (center background) to the third floor where 
it is cooled, cut into slabs, and taken to the fifth floor where it is 
cut into cakes, pressed, dried, and wrapped, and then sent by spiral 
chutes to the first and second floors. The fourth floor is devoted 
to another kind of soap. 

The glycerine building is shown in the background, to the right 
of the kettle house, and the power house in the center foreground. 
Communication between buildings at upper levels is provided by 
bridges. 

This plant is designed for future expansion as follows: Washing 
powder, toward the front at left; soap, toward the rear at left; 
power house, toward the front at center; kettle house, toward the 
rear at center; glycerine house, toward the rear at right; tank 
field, toward the rear. 

Fig. 2 shows a typical floor of the main building before occu- 
pancy. The construction is reinforced concrete, flat-slab, designed 
for a floor loading of 250 Ib. per sq. ft. The floors are of granolithic 
cement treated with a patented hardener. The bays are 20 ft. 
by 20 ft. 

Fig. 3 shows the packing department on the third floor of the 
main building. A distributing belt conveyor runs over the pack- 
aging machines. After this picture was taken, belt conveyors 
were installed to take filled cases from the end of packaging ma- 
chines to sealers, and spiral gravity chutes were constructed to 
deliver sealed packages to the lower floors. 


LINOLEUM Factory 


Fig. 4 shows a complete linoleum-manufacturing plant. Raw 
materials and other incoming shipments are received over the 
track at the right of the picture and stored in tanks and buildings 
shown in the background. These materials are mostly cork and 
filling, linseed oil, and burlap. 

The process develops from the rear toward the front and left. 
Mixing and coating are done in buildings shown near the chimney. 
Then the process divides into three parts for drying plain and inlaid 
linoleum and for printing and drying printed linoleum. Inlaid 
drying is done in the two-story building in the left background. 
The tall section near the center of the picture houses festoon and 
rack driers for plain goods. The printing and print-drying de- 
partment is in the central foreground of the main group of buildings. 
The finished storage and shipping department is at the left, as 
indicated by the railroad track along the full length of the building 
for outbound freight. 

Expansion of every department can be provided without dis- 
turbing the equipment already installed. This is readily seen 
from the foregoing description and the figure, which shows vacant 
land adjacent to the principal departments. 

This plant is literally built around a process that is highly spe- 
cialized throughout. Trying to squeeze such a process into an 
ordinary building would increase production cost and impair the 
quality of the product. 


PLATE-GLASS GRINDING PLANT 


Fig. 5 shows a plant for grinding and polishing plate glass. 
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The main section is 136 ft. wide by 650 ft. long. The construction 
is steel frame with wood roof having sawtooth skylights over the 
greater part of the roof area. The building is designed for future 
extensions to the rear and left of the picture. The permanent walls 
are concrete with steel sash, and the temporary walls corrugated 
siding with steel sash. 

The building is equipped with cranes running its full length, 
and railroad sidings running into and across the building at each 
end. Factory offices, toilet rooms, etc. are on the mezzanine 
floor. The extensions, for which provision was made, are now 
being built. 


Rayon PLANT 


The manufacture of rayon by the cuprammonium process from 
cotton linters is divided into the following main divisions: 1, 
cleaning, washing, and preparation of linters; 2, bleaching linters: 
3, dissolving; 4, mixing, aging, and filtering the solution; 5, spin- 
ning; 6, washing; 7, drying; 8, conditioning; 9, inspection; 10, 
winding from skeins to spools; 11, twisting; 12, reeling from spools 
back to skeins; 13, winding finished packages on cones or tubes; 
and 14, final inspection. 

The first two steps in the process require buildings designed 
and arranged for handling bales of cotton linters weighing about 
500 Ib. each. There is a complicated steam and water piping 
system with corresponding drainage connections. 

The dissolving, mixing, and filtering operations require a 
complete chemical process with tanks, refrigeration facilities for 
artificial cooling in summer, insulated walls and ceilings, and 
forced ventilation. Much of the piping is acid«proof lead. 

Referring to Fig. 6, the operations described above are housed 
in the five-story concrete building at the right. This building 
is designed for heavy loads and wet processes, concrete being 
the material considered most suitable for such purposes. 

The picture shows the complete rayon plant with the spinning 
and other operations which follow the chemical processes housed 
in a one-story steel-frame building having a sawtooth roof. The 
skylights face directly north to avoid direct sun. The roof is 
wood except in the washing department, where reinforced concrete is 
used for columns and roof to prevent rotting by exposure to moisture. 

In the center of the picture the fan room is shown built above 
the washing department. Warm air is blown in at intervals 
at one side of the room and exhausted through ventilators in the 
roof and disk fans in the skylights. 

Floors throughout the building are subjected to drip until 
after the drying stage has been passed. For this reason they 
are finished with acid-proof material (mastic) and provided with 
trenches to return chemicals for recovery 

The spinning operation demands a building with good height 
and ventilation, and long spans between columns. These re- 
quirements apply also to other finishing departments. Spans 
are 80 ft. in the spinning department and 40 ft. elsewhere in the 
one-story section. This span is made possible by trusses immedi- 
ately behind the skylights, clearly shown in Fig. 7. The sawtooth 
skylights are vertical because of their connection with the trusses 
just described. This construction insures the most rigid and 
economical framing for a building of this character. The wet 
skeins from the spinning department receive a number of baths 
before drying. This operation is somewhat similar to those in & 
dyehouse. There is a large amount of drip on the floors; warm 
water is used, and a great deal of vapor escapes into the room. 
Ventilation must be provided to meet these extreme conditions, 
and the construction must be such as will not be damaged by steam. 
Drips from the roof or sash must be prevented. This part of the 
building is protected by concrete construction. The skein-drying 
department also requires special ventilation. 

Following the drying, the operations are similar to those for silk 
yarn, requiring good light, high humidity, and provision against 
condensation and drip in cool weather. 

The plant herein described is on the outskirts of a small city in 
the South. A large number of girls are employed. To provide 
comforts and conveniences for the help, who spend the entire day 
in the plant, there are ample locker rooms, lunch rooms, shower 
baths, ete. in the basement which extends under part of the build- 
ing as shown in the foreground of Fig. 6. 
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Fig. 4 Linoteum Factory 
| 3. PacKAGING DEPARTMENT ON THIRD FLOOR OF Matin BUILDING, 
Fic. 1 
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Two-inch cork insulation is used on the roof of the washing 
department and l-in. elsewhere wherever artificial humidity 
is employed. Another precaution against condensation caused 
by artificial humidity is double glazing of sawtooth skylights 
with air space between glass and condensation gutters through- 
out. 

The special provisions for insulation, ventilation, and north 
light insure cool rooms in summer besides the temperature regula- 
tion required by the process. The plant is equipped with central- 
station humidifying and cooling apparatus. 

The power plant is equipped with non-condensing turbines 
because the exhaust is needed in the process. Boilers are set at 
the second-floor level. There is a trucking passage under the ash 
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Fie. 11 Weave SHED or Cotron MILL 


hoppers so that ashes may be discharged into iron-body trucks and 
hauled away. Coal is discharged into a track hopper with con- 
veying system to crusher and to bunkers. From the bunkers 
coal is distributed into automatic stokers by gravity. A pipe 
tunnel connects the boiler house with the basement of the chemi- 
val building. The power plant is in the background behind the 
chemical building at the right of Fig. 6. Its location is shown 
by the chimney. 

The pumping and filtration plant is on the river 1600 ft. from 
the power house. The pumps are electrically operated. 

Fig. 6 shows the first unit designed for expansion into five units. 
The central unit is the first to be constructed. Railroad sidings 
at each end of the building, power plant, pumping station, sewage- 
disposal system, driveways, and drainage have been laid out for 
the ultimate requirements. 





ENGINEERING 


SitK MILL 


The next illustration, Fig. 8, shows the exterior of a silk mill 
which was designed to conform with the zoning requirements in 
an exclusive district. The building fronts on a park, where fac- 
tories having objectionable features would not be allowed. Prac- 
tically nothing was spent for ornamentation of this building. The 
details are severely plain but the proportions are pleasing. The 


effect is more that of a public institution than that of a factory. 
In contrast with the exterior, as shown in Fig. 8, Fig. 9 shows 
the interior of the top floor of the same building. The construc- 
tion is reinforced concrete throughout, with sawtooth skylights. 
The special framing seen overhead is provided for Jacquard looms. 
Fig. 10 shows the top floor of another silk mill where specially 
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Fie. 12 INTERIOR OF WEAVE SHED oF CoTTon MILL 


long spans between columns are required. This is accomplished 
by trusses behind vertical sawtooth skylights, clearly shown in 
the picture. 

Corron MILL 


Fig. 11 shows the exterior of a cotton-mill weave shed in New 
England. The primary requirements are good light and economy 
of floor space. The latter involves proper column spacing. This 
plant is equipped with 3000 looms of various widths. The con- 
struction is reinforced-concrete columns and roof with brick walls. 
Fig. 12 shows the interior. It is a striking example of uniform 
lighting over a large area. 

One of the most modern southern spinning mills is shown 1” 
Fig. 13. The building is plain, yet trim in every respect. l'ig- 
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Fic. 13. Corron-Spinninc MILL 


14 shows the interior of the spinning room. The construction 
i reinforeed-concrete skeleton, with wood floors and roof and steel 
sash. The beams are floored with 4-in. plank, 1-in. intermediate 


floor, and 7/s-in. maple top floor. The roof is of 3-in. plank with 
tar and gravel topping. The first floor, bearing on the ground, 
is a 4'/.-in. concrete slab with a 2-in. creosoted plank bedded into 
| in. of sand and tar and a 7/s-in. maple top floor. The cost of this 
building proved to be exceedingly low. 


MAGAZINE PUBLISHING PLANT 


Fig. 15 shows a magazine publishing plant on the outskirts 

i middle-western city. It is laid out on one floor, lighted through 
sawtooth skylights above. As compared with former operations 
in a multi-story building in New York, the cost of production 

is been substantially reduced in the new plant. 

Fig. 16 shows the opposite end of the building, with railroad 
siding, shipping and receiving platform, and power plant. 

fhe press room is shown in Fig. 17. Air ducts provide forced 

ntilation where it is needed. Aisles are ample for access to 

ichinery and for moving material. Uniform lighting is essential 

this room where the highest grade of printing is done, much 
of it in several colors. Close temperature regulation at all seasons 
is required to make the ink flow properly. 

Fig. 18 shows the bindery, where labor saving and increased 
production are accomplished by the correct arrangement of ma- 
chinery and provision for handling material with the least possible 


etiort 


\ feature of this plant is the arrangement on one level, which 
akes mechanical conveying equipment unnecessary at the same 
time that it allows for future expansion of all departments without 
d a 


listurbing the present equipment. 


TY 


The two-story section shown in the foreground of Fig. 15 is 
occupied by the plant office and circulation department. A similar 
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Fic. 14. INTERIOR OF COTTON-SPINNING MILL 


section in the rear is taken up with composing room, miscellaneous 
equipment, and paper storage. The two-story sections are of 
reinforced concrete. The remainder of the building has a steel 
frame, with brick walls and gypsum roof. The floors are concrete, 
with Kalman finish. 


NEWSPAPER PUBLISHING PLANTS 


Modern newspaper publishing is essentially a manufacturing 
industry, with the same fundamental problems as any other manu- 
facturing business. Metal and paper are handled by the hundreds 
of tons and printed papers are wrapped, mailed, and distributed 
by hundreds of thousands. The time element in production is 
vital. The entire product is consumed each day without the 
chance to balance production by carrying over a part. Labor 
is highly organized, working short hours and demanding high wages. 
The mechanical equipment is intricate and very expensive. The 
large investment needs to be protected by the best possible building 
design, to promote efficiency and reduce expenses. 

Fig. 19 shows the arrangement of departments in the New York 
Herald Tribune plant. Editorial and composing rooms are on the 
upper floors; paper is delivered by a gravity chute to the basement 
and stored there. The mailing and delivery room is at street level, 
a requirement of first importance in this particular location. Presses 
are supported on the second floor, the third floor being an operat- 
ing gallery around the presses. Everything moves continuously 
downward except paper from basement storage to the second floor. 
The alternative of presses below street level was rejected because 
of excavation expense and objectionable working conditions below 
ground. 











Fic. 16 MaGazine PusLisHinc PLANT SHOWING RAILROAD SIDING AND 
Power House 
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Fig. 17 MaGazine PuBLIsHING PLANT, Press Room 
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Fic. 19 NewspaPerR PuBLISHING PLANT, ARRANGEMENT OF DEPARTMENTS 


The building is of reinforced-concrete flat-slab construction 
throughout. A structural problem was presented by mounting 
the heavy press vibrating load on the second floor. It was over- 
come by giving the floor slab sufficient mass to absorb vibration 
by inertia. This has worked out well in practice. 

Fig. 20 shows the press room of the Herald Tribune and Fig. 21 
the reels under the presses and the press supports on the second 
floor. A conveyor carrying printed papers from the press room to 
the mailing room below is shown at the left of the picture. 

The latest development in metropolitan newspaper-plant design 
is illustrated by the Brooklyn plant of the New York Daily News. 
The owners announce that it is the first of a series of auxiliary 
printing establishments called for by the growth of the News. 
It is designed to print the Brooklyn and Long Island circulation. 
The alternative would have been to enlarge the Manhattan plant. 
This proved to be more expensive and less efficient than to make 
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Fic. 20 NeEwSPAPER PUBLISHING PLANT, Press Room 
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Fic. 22. Newsparer PusiisninG PLant, Extertor BerorE COMPLETION = fyg. 23° NewsPAPER PuBLISHING PLANT, Press Roem; Lower View 
Fic. 24. Newsparper PupuisuinG Piant, Press Room, Upper View 
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Fic. 26 Newsparer PUBLISHING PLANT, Press Supports, REELS, AND 
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extra matrices in Manhattan and send them to Brooklyn where 
the process would begin with casting plates for the presses. This 
means that the editorial, composing, and matrix-making depart- 
ments remain centralized in Manhattan, while the papier-maché 
matrices, quickly made, light and easy to carry, are sent to the 
branch plant for casting. 

The Brooklyn plant of the News, therefore, is strictly a manu- 














Fic. 28 NerwsPAPER PUBLISHING PLANT, PLATE CONVEYOR 
facturing plant. Its design was governed by considerations of 
quality and cost of production, with adequate provision for paper 
storage and a location selected purely on the basis of easy, quick 
distribution. 

Fig. 22 shows the exterior of the News building shortly before 
completion. It is a flat-slab, reinforced-concrete structure of six 
stories and basement, with provision for three additional floors in 
the future. The total floor area is about 160,000 sq. ft. The 
basement is devoted to a heating plant, electric substation, coal 
bins, well and pump room, ink storage, and paper storage. The 
first floor is all mailing room and space for trucks to back in clear 
of the sidewalk. This space is sufficient for ten trucks at the 
delivery platform and two at the paper-receiving platform. It 
is enclosed by the large rolling doors shown clearly in the picture. 
Presses are supported on the second floor, the same as in the Herald 
Tribune plant already described. The third floor is a steel operating 
platform supported by the second floor. The fourth floor is occu- 
pied almost entirely by paper storage, except space on one side 
where the stereotype foundry is installed. Space over the stereo- 
type foundry on the fifth floor is occupied by ventilating equip- 
ment. The remainder of the fifth and six floors is paper storage. 

Figs. 23 and 24 are press-room views. There are two rows of 
presses, each having 18 units, already installed and space left 
for another row. Fig. 25 shows the control gallery in the press 
room, with the electrical controllers and selector panels that shift 
the control push-button stations on the press units to the right 
drive in different combinations. Fig. 26 shows the press supports 
on second floor, reels under presses, and the industrial track system 
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for delivering paper to reels. The second floor is designed to carry a 
loading of 900 Ib. per sq. ft., with mass sufficient to absorb press 
vibration by inertia. 

Fig. 27 shows the stereotyping foundry above the press room. 
Ventilating hatches in the ceiling above each machine lead to a 
compartment from which air is exhausted by disk fans in the walls. 
Fresh air is supplied under pressure through ducts with openings 
at intervals along the rear walls near the floor level of the foundry. 
New plates are carried by a mechanical conveyor from the foundry 
to the press room below. The conveyor runs the full length of 
the press room and delivers plates to all units. The same conveyor 
continues back to the foundry to return used plates for remelting. 
The return end is shown in Fig. 28, rising from press room to foundry 
level. 

Printed papers are carried from the press room to the mailing 
room, two floors below, on specially designed vertical conveyors 
divided into units which are set at intervals convenient to the 




















Fic. 29. NeEwsPAPER PUBLISHING PLANT, HEAD MECHANISM OF Pa! 
CONVEYOR 
folders. Carriers mounted on a continuous chain and sprocket 


mechanism deliver papers in batches of 300 to 400 to horizontal 
belt conveyors which deposit them on wrapping tables. 

The storage of such a large amount of paper (5500 tons, esti- 
mated as three weeks’ supply) on several floors requires exceptional 
handling facilities. One of the most serious items of expense 1! 
a large newspaper plant, anyway, is paper handling. Ordinary 
freight-elevator service is too slow and laborious for the News 
requirements, which are three rolls of paper per minute, each rol! 
weighing 1500 Ib. This paper has to be received from trucks 
at the street level and delivered to any of the upper floors at will 
taken from one floor to another, or brought back from storage to 
trucks for delivery to another plant. 

The requirements named above have been met by a continuous 
chain conveyor serving all floors and buili heavy enough to be 
lengthened for three additional floors whenever the building }s 
enlarged. The head mechanism of this conveyor is shown 1 
Fig. 29. One of the cradles that carries a roll of paper is shown 
at the right. At each floor there are supporting fingers that can 
be set either for loading or unloading. The conveyor is reversible. 
so it can load or unload from either side on any floor. Paper 
stored in the basement is sent down from the truck by a gravity 
chute and carried to the press, when needed, by the conveyor. 
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Diesel Traction for Railroads 


General Considerations—Advantages of “‘Dieselizing” Certain Railroad Services—Operating, Design, 
and Construction Problems—Weights and Speeds—Cooling, Transmission, and Vibration 


Problems 


Maintenance—Fuel Consumption—General Conclusions Favoring 


Adoption of Diesel-Electric Traction 
By WILLIAM ARTHUR,! CAMDEN, N. J. 


T IS ABOUT 100 years ago that the first crude forms of steam 
locomotives were developed, and no serious rival appeared until 
electric traction made its appearance some 30 to 40 years ago. 

Development in both steam and electric branches has continued, 
the one acting as a stimulus to the other. High efficiencies are 
now possible with either modern steam locomotives or electric 
locomotives, or with multiple-unit rail cars under any of the well- 
known and well-tried systems. 

Subsequently the gas-electric car made its appearance on our 
railroads, and has met with considerable favor as an auxiliary 
on branch or feeder lines. Nevertheless certain inherent drawbacks 

gas-electric traction, notably the relatively high cost of gasoline 
in the larger units, has led railroad operating officials to look for 
other traction means. 

More recently the further development of the Diesel oil engine has 











I 1 Speep vs. Tractive Errort, Dieset AND ELectric LOCOMOTIVES 


introduced new possibilities and many railroads are utilizing this 

test form of traction, employing Diesel engines carried on the 
traction unit itself; more than fifty Diesel locomotives and rail 
cars are already either in use or under construction in different parts 
of the world, so that the “‘Dieselizing” of railroads may be said to 
be already started. 


In the most usual case the traction unit consists of a Diesel engine 
driving an electric generator, which in turn is connected to electric 
motors carried on the trucks in a manner similar to that employed 
in ordinary electric rail cars or locomotives. In other cases the 
drive is through gears. The advantages of “‘Dieselizing”’ certain 
railroad services may be summarized as under: 

a) Elimination of Smoke and Noise. The Diesel unit shares 
these advantages with its electric rival, and with good design 
operates smokelessly and without undue noise under all working 
conditions. It therefore possesses advantages for terminal work 
and for use in switching services in locations surrounded by valuable 
residential property, similar to those enjoyed by electric traction 
units, 

(6) Elimination of Terminal Delays. The need of elaborate 
coaling and water stations, ashpits, ete., together with the ap- 
pe a Traction Division, American Brown Boveri Electric Cor- 
OTation., 
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paratus and services dependent upon these features, is eliminated. 
The Diesel unit is ready immediately for service, and no time is 
lost in getting up steam or in the various other ‘“‘hostling” services 
so necessary with steam locomotives. In this again it is similar to 
the electric locomotive. 

(c) Economy of Installation. When compared with straight 
electric traction the need of expensive power stations, substations, 
transmission lines, and overhead or third-rail contact systems with 
their accompanying costs and dangers to life, is done away with. 
The Diesel unit is self-contained; it carries its power station on its 
own back. The economics in each case have to be separately 
studied, but the advantages of the new form of traction, particularly 
for branch lines and for switching services, are already well demon- 
strated in this country and in Europe, and larger units are now being 
introduced into main-line road services. 

(d) Fuel Economy. The fuel cost, which of course with all 
forms of traction is one of the major items of expense, is much 
reduced and works out in round figures for the same service as 
follows: 

Diesel locomotive 

20 per cent 


Electric locomotive 
50 per cent 


Steam locomotive 
100 per cent 


and on the basis of thermal efficiency at rail: 


Electric locomotive with 
modern power station 
and transmission systems 
10—12 per cent 


Diesel-electric 
locomotive 
22-25 per cent 


Steam locomotive 
5-9 per cent 
The problems that arise in connection with Diesel traction ap- 
paratus come under two general headings: 


a Operating problems 
b Problems of design and general arrangement. 


Of course these matters are closely related, in fact in practice 
they cannot be separated; nevertheless for the sake of clarity the 
author will herein discuss them separately. 


OPERATING PROBLEMS 


Diesel traction differs from electric traction in that with the 
latter where energy is taken from an overhead wire or third rail, 
there is usually a large power plant to draw from and from which, 
for short periods, large overload demands can be made, whereas 
with the former there is a definite limit fixed by the horsepower 
capacity of the Diesel unit itself. In practice, a Diesel engine 
is given a certain normal continuous horsepower rating at norma! 
speed and is capable of overloads of only 20 to 25 per cent for short 
intervals. It shares this limitation with the ordinary steam loco- 
motive, although recent developments in Diesel design are tending 
to remove it and extend the overload capacity to a point thought. 
impossible only a few years ago. 

On the other hand, the Diesel unit possesses the ability (when 
combined with an electric transmission system) of translating its 
full rated horsepower into either high tractive effort at low speed, 
or into the equivalent high speed at lower tractive effort. In 
this, like the steam locomotive, it is markedly superior to the elec- 
tric locomotive operating under a fixed voltage in overhead wire or 
third rail. This can be better understood by referring to Fig. 1. 
Here A represents the constant-horsepower line which can be closely 
followed with either a steam or a Diesel locomotive, and B represents 
the condition which obtains with practically all forms of electric loco- 
motives. For instance, if the electric locomotive is designed and 
geared to deliver its full rated continuous horsepower output at the 
tractive effort and speed corresponding to the point X, then at 
higher speeds there will be a marked falling off in tractive effort 
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which, in certain instances, will amount to as much as 30 per cent. 
Electric locomotives must therefore be designed very closely and to 
some extent limited to the particular service for which they are 
intended. This is not the case with Diesel-electric locomotives. 
This inherent flexibility of the latter type is a valuable asset in rail- 
road operation, where in practice tonnage ratings are determined 
not merely by considerations of ruling grade but by schedule re- 
quirements as well. The shaded area between curves A and B 
can, in the case of the Diesel-electric locomotive, be entirely filled 
in by reason of the flexibility of the voltage control which is possible. 

Summarizing this portion of the paper, it may therefore be said 
that the Diesel-electric locomotive possesses most of the advantages 
of both steam and electric locomotives, but without some of the 
disabilities of each. 


PROBLEMS OF DESIGN AND CONSTRUCTION 


Diesel-Engine Types. The engineer interested in the design 
of Diesel traction apparatus is confronted with a multiplicity of 
types of Diesel engine from which to choose—2 or 4 cycle, single 
or double acting, with air injection or with solid injection, with 4, 
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With air injection the fuel oil is blown into the combustion cham- 
ber by air at high pressure, usually at about 850 lb. per sq.in. This 
requires an air compressor of special design, coolers, pumps, etc., 
and other expensive apparatus. Moreover, to drive the compressor 
takes 10 per cent of the total power. With solid injection, however, 
the oil is squirted directly into the cylinder at each stroke, requir- 
ing for this purpose only a small simple and relatively inexpensive 
oil pump. Air-injection types are therefore inherently more com- 
plicated and expensive than solid-injection types. 

The chief disadvantage of solid injection is that if the quality of 
the fuel oil is poor, and contains, for instance, much solid matter, 
such as asphalt, ashes, etc., trouble may result from the clogging 
up of the small pinholes through which the oil is injected. Unequal 
explosions then take place and dangerous pressures become a 
possibility. This is an important consideration in marine work, 
for a ship cannot always control the source of supply of its oil 
and may have to use what it can get. This factor is, however, not 
of equal importance in land traction work, where usually oil can be 
obtained of a uniform quality. All things considered, airless- or 
solid-injection types are to be preferred for traction purposes. 
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6, 8, or 12 cylinders arranged in line or in V-construction, with 
vertical, horizontal, or radial types. Each possesses certain ad- 
vantages and disadvantages in specific situations; the whole art is 
developing rapidly, and interesting and significant experiments 
are under way in the U.S. A., in Sweden, England, Russia, Germany, 
Switzerland, France, Italy, Africa, and elsewhere. 

The author has recently completed a tour lasting more than a 
year, made expressly for the purpose of studying the outstanding 
developments in the U. 8. A. and in Europe. He was given op- 
portunity to visit practically every important railroad or manu- 
facturing establishment interested in this kind of development, 
and the present paper embodies some of his findings and conclusions 
based upon this study. 

In considering Diesel-engine types the first choice has to be made 
between: 

a 2-cycle types versus 4-cycle types 
6 Air-injection versus solid-injection types. 

The chief advantage of the 4-cycle types over the 2-cycle is that 
no scavenging pump is required. This pump is a relatively large 
and costly piece of apparatus, requiring considerable power, 
usually about 6 per cent, to drive it. The chief advantage claimed 
for 2-cycle operation is that a reduction in total weight and cost 
takes place. In theory this should be so, but in practice in a mul- 
tiplicity of designs studied by the author this advantage does not 
seem to have been realized, one of the chief reasons being that due 
to the need for effective scavenging with 2-cycle types, lower 
piston speeds are necessary, and total weights and costs increase 
in consequence. 


WEIGHT AND SPEEDS 


Diesel locomotives and rail cars in the past have been notable 
for their relatively large weight and consequent high cost, amounting 
in certain instances to from two to three times that of an equivalent 
steam locomotive. This condition has arisen from two general 
causes. First because no Diesel engines had heretofore been de- 
veloped specially for traction purposes and the locomotive designer 
was forced to take some existing relatively low-speed and heavy unit 
designed originally for submarine or stationary purposes and utilize 
it for traction. Similarly for the electrical requirements, generator, 
motors, ete., with consequent increase in the weight of all contrib- 
utary apparatus such as mechanical structure, trucks, frames, ete. 
Secondly, it has been thought sufficient to simply take a Diesel 
engine, a generator, motors, and control, together with the necessary 
fuel and other storage tanks and apparatus, locate and connect 
them together in a suitable mechanical frame and call the result 
a Diesel locomotive. In consequence, weights have reached 4s 
high as 400 lb. per b.hp. as compared with less than half of this 
amount for an equivalent steam locomotive. Even in one of the 
best and most successful recent American designs, employing 4 
600-hp. Diesel engine, the total weight is 100 tons on drivers, giving 
333 lb. per b.hp., or only 6 hp. per ton on drivers. , 

In certain instances, where the service for which the locomotive 
is designed is one wherein large tractive effort at relatively low 
operating speeds obtains, i.e., in switching services and where 
weight is necessary for adhesion purposes, these high weights pe? 
horsepower may be justified; but even in these cases it is doubtful 
if a substantial decrease in weight would not increase the “liveliness 
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of the unit 
services. 
The author has just completed designs for a number of Diesel- 
electric locomotives for use on American railroads in which he has 
endeavored to avoid these deficiencies and limitations; and by 
utilizing a Diesel unit specially designed for traction work, by close 
regard to the interdependence of parts, i.e., by using the Diesel 
frame in part to support and supplement the main locomotive frame 
by designing and dovetailing the Diesel engine and its generator 
into a composite unit, thereby shortening the length of the whole 
locomotive in short, by coédrdinating and combining the best Amer- 
ican and European practice, we obtain the unit as illustrated in Fig. 2. 


a characteristic most useful and necessary in such 
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veloped is 138 lb., and for the total locomotive, 185 Ib. per b.hp. 
The locomotive is designed for road service and for use in either 

freight or passenger duty by suitable changes to the gear ratio. 
A smaller unit designed for switching services is shown in Fig. 3. 

The general characteristics of this locomotive are: 


Track gage ; me 
Diameter of driving wheels 


» in. 


in. 
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A Mopern European Diese, Locomotive 
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Fic. 5 One Type or European Rait Car 


The general characteristics of this locomotive are: 


l'rack gage a Loe 4 ft. 8/2 in. 
Diameter of driving wheels 52 in. 
Diameter of guiding wheels 36 in. 
Rigid wheelbase 10 ft. 10 in. 
otal wheelbase : 50 ft. 6 in. 
Overall length. . 61 ft. 8 in. 
Vutput of Diesel motor, continuous 1600 hp. 


Output of Diesel motor, maximum 


Weight of Diesel and electric equipment, including 

9000 lb. of fuel and 2200 Ib. of cooling water. 164,000 Ib. 
We ight of mechanical part..... ; 132,000 Ib. 
Total weight......... 296,000 Ib. = 148 tons 
Weight on drivers... 220,000 lb. = 110 tons 
Gear ratio. . 23:77 


1850 hp. 


Wheelbase... 

Overall length ; ; 
Output of Diesel motor, continuous 
Output of Diesel motor, maximum.. 


Weight of Diesel and electric equipment, including 
1320 Ib. of fuel and 800 lb. of cooling water. . 


Weight of the mechanical part...... 
Total weight........... 

Gear ratio.... . 

Tractive effort at wheel rim, continuous 
Corresponding locomotive speed 
Tractive effort at wheel rim, lhr.... 
Corresponding locomotive speed 
Tractive effort at wheel rim, maximum 
Maximum locomotive speed.......... 


11 ft. 6 in. 
30 ft. 2 in. 
400 hp. 
500 hp. 


54,000 Ib. 
55,000 Ib. 
109,000 Ib. 
16:84 
9000 lb. 
12.4 m.p.h. 
13,200 lb. 
8.4 m.p.h. 
27,500 lb. 
28.0 m.p.h. 


27.0 tons 
27.5 tons 
54.5 tons 


lractive effort at wheel rim, continuous 
Corresponding locomotive speed 
l'ractive effort at wheel rim, 1 hr.. 
Corresponding locomotive speed 
lractive effort at wheel rim, maximum 
Maximum locomotive speed...... 


It will be noted that 14.5 b.hp. per ton of weight on drivers has 


The weight on drivers per continuous b.hp. de- 


been obtained. 


13,400 Ib. 
34.6 m.p.h. 
17,800 lb. 
26.0 m.p.h. 
35,000 Ib. 
56.0 m.p.h. 


An intermediate unit suitable for terminal switching and lighter 
road services has the following general characteristics. 


Output of Diesel motor, continuous.......... 

Output of Diesel motor, 1 hr............... ; 

Weight of Diesel and electric equipment, including 4500 lb. 
of fuel and 1320 Ib. of cooling water.................. 

Weight of mechanical part 

Total weight. . 


800 hp. 
1000 hp. 


93,000 Ib. 
85,000 Ib. 
178,000 Ib. 
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Weight on drivers 119,000 Ib. 


Tractive effort at wheel rim, continuous : 6700 Ib. 
Corresponding locomotive speed . 84.6 m.p.h. 
Tractive effort at wheel rim, 1 hr. 8900 Ib. 
Corresponding locomotive speed 32 m.p.h. 


Tractive effort at wheel rim, maximum 17,500 |b. 
Maximum locomotive speed 56 m.p.h. 

Fig. 4 is representative of modern European Diesel locomotive 
practice and Figs. 5, 6, and 7 show two types of European rail car. 

The Diesel —_ utilized in the rail car shown in Fig. 5 is 
illustrated in Fig. 8 

Leaving now problems of general design for a more detailed 
consideration of the subject, certain new problems arise in Diesel 
traction apparatus which have to be very carefully studied in each 
case. These are: 


1 The cooling problem—that is to say, the dissipation of the 
waste heat-generated in Diesel motors 
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per hour per b.hp., and with a locomotive of, say, 1000 hp. the 
amount of energy to be dissipated by the cooling system constitutes 
a real problem. 

There is great diversity of opinion as to the best way to solve 
the cooling problem, also as to whether to use natural draft, fans, 
or forced draft; whether to use the automobile or tubular type of 
radiator; whether to use oil or water or no cooling at all for the pis- 
tons; whether to drive the fans directly or by individual electric 
drive or by an exhaust-gas turbine through gears; how to best 
arrange the apparatus on the locomotive or rail car, having regard 
to the need for repairs or removal of the main Diesel unit, ete. All 
of these are questions which have to be settled in each individual 
case, and depend so much upon the horsepower involved, schedule 
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Fic. 7 A Tutrpo Type 


Output of Diesel motor, continuous. . eens 400 hp. 
Output of Diesel motor, 30 min.... a 500 hp. 
Weight of Diesel and electric equipment . ... 989,545 Ib. 
eS eae “ 17:66 

Tractive effort at wheel rim, ‘continuous . sie anew ae 3700 Ib. 


2 The method of transmission of power from the Diesel 
prime mover to the wheels; and 
3 The vibration problem. 


THE Coo.Linc PROBLEM 


The importance of this can be at once appreciated when it is 
remem bered that in the operation of a Diesel motor high pressures 
and high temperatures are generated, pistons, cylinder walls, exhaust 
valves, etc., have to be artificially cooled, and that in the final result 
approximately only one-third of the energy in the fuel oil reappears 
as useful work at the main shaft, another third disappears with the 
exhaust gases, and the final third reappears as heat which has to be 
gotten rid of in some way by radiation. 

In an average case approximately 2500 B.t.u. have to be dissipated 

















oF European Raitt Car 


Corresponding car speed , ; , 30 mph 
Tractive effort at wheel rim, 1 hr . 5500 It 

Corresponding car speed.... ; 20 m.p.h 
Tractive effort at wheel rim, maximum 11,000 Ib. | 
Maximum car speed........ FF i 60 m.p.h 


speeds, local weather and te mperature conditions to be coped wi 
etc., that is not possible to give a general answer to all of them 

There is, moreover, a relation between the area of the sndie itor 
surface and that of the combustion surface. A ratio of from be- 
tween 30 and 40 to 1 seems to meet most cases. As stated, however, 
these matters have to be studied and settled in each individual case. 
Enough has been said to indicate the general nature of the cooling 
problem. 


THE TRANSMISSION PROBLEM 


The Diesel motor is a prime mover which cannot start itsell- 
It has to be started by auxiliary means and run up to a certain speed, 
after which it will maintain itself in motion. As already pointed 
out, a steam locomotive is one of the most flexible pieces of apparatus 
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ever devised for traction purposes. Subject only to the limits of 
its steaming capacity, it can translate its horsepower into either 
tractive effort or speed to any reasonable degree desired, merely by 
varying its cut-off and mean effective pressure. It can exert its 
maximum tractive effort right at the start and when it is most 
needed, and then later, when the train is once accelerated, can 
utilize its full horsepower in the form of reduced tractive effort 
and increased speed. To a lesser degree, as explained, the electric 
locomotive can do the same, but the direct-connected straight 
Diesel locomotive cannot. It is necessary to interpose between 
the Diesel main shaft and the wheels some form of transmission 
device to make up for this inherent deficiency of the Diesel motor. 
In this connection it may be mentioned that much developmental 
work is in progress in Europe and elsewhere looking to extend 
the flexibility of Diesels, and that substantial gains have already 
been made. 

There are five general methods of transmitting the torque from 
the prime mover to the wheels. These are: 


1 By direct mechanical drive through a clutch or clutches 

2 Through mechanical gearing 

3 Through hydraulic gearing 

1 By mixed systems in which either steam or compressed 
air is used to augment the flexibility of the Diesel unit 
at starting. 

5 By electric transmission. 


Direct Drive is not practical because of the reasons above re- 
ferred to, although several attempts have been made to utilize it. 
The Sulzer Company built a locomotive with direct drive but it 
was not successful; others have tried it and failed, and we can safely 
dismiss further consideration of this method. 

Mechanical Gearing is practical, but at present is limited to 
smaller apparatus, say, below 300 hp., because of the very heavy 
stresses on the gear teeth, particularly when a train is suddenly 
started; and also because of the difficulty in designing a clutch 
which will cope successfully with these large forces. Possibly 
progress will take place in this direction in the future, for many 
nteresting and courageous experiments are under way in the 
United States, in France, Switzerland, Germany, and elsewhere. 
It would be going too far afield to enumerate these. 

Hydraulic Gearing offers possibilities and usually consists of a 
number of primary pumps or pistons delivering oil under pressure 
to a series of secondary pumps or pistons, the stroke or cubical 
dimensions of which can be varied at will, thereby permitting an 
infinite variety of speed changes. There are many types, of which 
the Lentz, the Hele-Shaw, and the Schneider are the best known. 
rhe Schneider gear, developed by the Swiss Locomotive Works 

Winterthur, is one of the best. A 500-hp. unit weighing 11 
tons has been built and has an efficiency of 85 per cent. Bigger 
sizes up to 1600 hp. are, it is claimed, practicable. Such apparatus 
is, however, quite heavy and expensive, and has not yet been tried 
out on any large scale. There are unsolved problems with regard 
to free coasting, reversing, ete. Developmental work is still in 
progress. The fact that so many new types and variations of 
the same basic idea are being produced, none of which gets very far, 
is indication that the problem is not yet completely solved. 

Special Forms of Mixed Transmission Systems have been de- 
veloped and are being tried out. These are: 


a The Still System in England, whereby steam (from a steam 
boiler) is used to supplement the Diesel deficiencies at 
starting and during acceleration 

6 The Zarlatti System and the Cristiani System (both in 
Italy), wherein compressed air and compressed steam are 
used in separate cylinders as a steam locomotive and so 
supplement the Diesel prime mover when necessary. 


_ Electric Transmission in the present state of development is, 
in the author’s opinion, and for all except the smallest sizes, the 
only one we can now safely adopt. General opinion in Europe 
largely concurs in this. Its use simplifies the starting and removes 
the need of reversing arrangements on the Diesel prime mover, 
all reversing, of course, being executed in the most simple manner 
by changes to the motor leads. Electric transmission permits the 
Diesel motor to be run at its most efficient speed at all times; all 
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train-speed control being taken care of by voltage variations on 
the generator, and where necessary by series-paralleling and field- 
control arrangements on the motors. Electric generators and 
motors are standardized pieces of apparatus of high efficiency and 
great ruggedness. We know exactly what they can be counted 
on to do under any ordinary circumstances. Exact figures are 
not available, but from such studies as he has made, the author 
believes that ultimately very little difference in cost or weight will 
be found between electric and hydraulic methods for the larger 
types, although there may be cases where in smaller units mechanical 
gears will show a lower first cost and weight. These alternatives 
should of course be carefully studied in each case as it arises. For 
reasons given, however, it is felt that on the whole electric trans- 
mission is the best solution for all but the small sizes, and even in 
these it should be seriously considered because of the many other 
incidental and fundamental advantages which its use makes 
possible. The advantages of electric transmission are becoming 
more and more appreciated, and it would not be surprising to see 
it universally adopted in the next few years for all Diesel traction 
apparatus excepting the very small units. 


THE VIBRATION PROBLEM 


Diesel traction is a relatively new branch of engineering and the 
combination of high Diesel speeds and high unit pressures leads to 
new and to a large degree unforeseen results. 

One of the definite facts that has been developed by recent prac- 
tice is that the problem of vibration and critical speeds becomes of 
great importance. An accelerating and rotating mass—as, for in- 
stance, a Diesel motor which is being speeded up—passes through 
a series of critical speeds, at which points the value of the forces 
brought into play may be many times greater than normal. The 
critical speeds may be below the normal speed and therefore the 
unit must always pass through these on getting up to full speed. 
These values change as the apparatus attached to the main shaft 
is changed; and a Diesel may operate perfectly alone, and yet when 
connected, say, to a generator on the same shaft (as in Diesel- 
electric locomotives), may with faulty design develop undesirable 
and unpleasant vibrations. 

The matter of vibration becomes of even more importance when 
Diesel rail cars are considered, for with faulty design the resulting 
noise and unpleasantness make the car unpopular with the public. 

PROVISION AGAINST FREEZING 

Arrangements are usually made so that in winter if the unit 
stands for more than a few minutes, the radiators automatically 
empty themselves into a cooling-water storage reservoir located in- 
side the vehicle. A small electric heating element is sometimes 
provided to be used in emergencies and where the stop in cold 
weather is likely to be of long duration. 

The storage tank should of course be located at a point below 
the Diesel cylinders, in order that there may be no risk of cracking 
the cylinder walls. The exact arrangement must be studied in 
each individual case, for in certain instances an electric heating 
unit might put too much strain on the battery, making it necessary 
to provide other means—possibly a small oil-fired heating unit. 


THE MAINTENANCE OF DIESEL APPARATUS 


The art is still too new for there to be much real information 
available as to cost of maintenance; also types vary so much that 
such information would in any event be of little value. This much 
can be said, however: Any of the well-known makes of Diesels, 
either in this country or in Europe, operate quite reliably. This 
is true of either 2-cycle or 4-cycle types or those with air or airless 
injection. Some wear and tear of course takes place. Exhaust 
valves are subject to high temperatures and pressures and need 
inspection periodically. About two weeks a year should be allowed 
for general overhaul. 


THE STARTING OF DrESEL Morors 


In considering the problem of starting Diesel motors for traction 
apparatus, one should differentiate between locomotives of large 
size and locomotives of small size or rail cars; the problem also 
changes, depending upon whether or not the service is one requiring 
frequent stops. 
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There is a great difference of opinion on this whole matter. 
Some manufacturers prefer air starting, using all of the cylinders 
for this purpose; others use only a few of the cylinders or possibly 
one cylinder; still others use a separate air motor geared to the main 
motor, the advantages of the latter arrangement being that the 
cylinder walls are not cooled by the air at the moment of starting 
and a quicker start can thereby be made. 

The problem of starting is tied in with that of the method of trans- 
mission adopted, for with apparatus of moderate size, if, as is 
expected, electric transmission is to be used, then in certain cases 
it is simpler and better to utilize the generator as a starting motor 
and provide a battery for this purpose. For large units, however, 
the weight and cost of a battery may be prohibitive. 

In locomotive services involving long runs and few stops it would 
not be necessary to start the Diesel frequently. In fact, it is 
conceivable that one might start it and keep it running for most 
of the day in such services. 


Diese. Piston SPEEDS 


Every manufacturer is of course striving to reduce his weight 
per brake horsepower, particularly for traction or submarine work. 
One of the chief ways of reducing weight is to increase the piston 
speeds. The limit at present seems to be about 1250 ft. per 
min. 

Revolutions per minute of Diesel apparatus vary very much. 
Most of the light-weight, high-speed Diesels hitherto built were 
designed originally for submarine purposes and usually ran at 
about 450 r.p.m. The recent tendency is, however, to increase 
speeds very much, and those of from 600 to 1000 r.p.m. are not 
now uncommon. 
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Pressures Usep 1n Diese, APPARATUS—FUEL CONSUMPTION 

In general, the compression in Diesel cylinders varies from 500 
to 600 lb. in European practice, although in the United States 
the pressures are somewhat lower. 

The chief problem in the operation of a Diesel motor from the 
point of view of fuel consumption is of course to insure that 
complete combustion takes place. With air-injection types this 
is taken care of in the most thorough manner by completely breaking 
up the oil by means of the high-pressure injection air. 

In general, it may be safely said that today there is not much dif 
ference in fuel consumption between air-injection and solid-injection 
types, and a fuel consumption of 0.4 Ib. of fuel oil per b.hp-hr. is 
obtainable under ordinary conditions with either type. 

GENERAL CONCLUSIONS 

The author believes that the next few years will show a marked 
increase in the number of Diesel applications to specific railroad 
problems, as, for instance, where bad water conditions obtain, 
and particularly to switching service, to branch lines, and to a lesser 
extent to heavy main-line and terminal services. With larger 
production and closer attention to design features, cost and weights 
will tend to reduce. At the same time it is fairly certain that capa- 
cities will increase, which, together with multiple-unit operation, will 
render possible handling of the heaviest freight and passenger trains. 

The total capital expenditure to be made in “Dieselizing”’ a 
railroad will be less in certain instances than with any form of elec 
trification; this expenditure may be made gradually, and, by being 
spread out over a number of years, the financial strain sometimes 
necessitated when a complete electrification is undertaken will be 
avoided. 
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High Steam Pressure and Temperature at Craw- 
ford Avenue Station 


By ALEX D. BAILEY 


perintendent, Generating Stations, Commonwealth Edison Co., 
Mem. A.S.M.E 


Chicago, IIl 
‘THIS paper discusses some of the problems encountered in the 

operation of the Crawford Avenue Station of the Common- 
wealth Edison Co. This station is designed for 550 Ib. steam 
pressure at the turbines and 725 deg. fahr. temperature. The fuel 
used is central Illinois coal having an average heat value of 10,255 
.t.u. This is fired on forced-draft chain-grate stokers. 

In the first three units the steam is reheated after passing through 
he high-pressure turbine by means of a special reheat boiler on 
each unit. The specified reheat temperature is 700 deg. The 

irth unit has no reheat. The first three turbine units are bled 
it three points and the fourth at four. The boilers are of the inter- 
deck superheater type, built by the Babcock & Wilcox Co., with a 
capacity of 150,000 to 200,000 lb. of steam per hour. 

Unit No. 1, 50,000 kw., built by Parsons Co., England, was put 

» service in May, 1925. Unit No. 2, 60,000 kw., built by the 
General Electric Co., was put into service in November, 1924. 

Unit No. 3, 50,000 kw. built by the Westinghouse Co., was put 
into service in March, 1925. Unit No. 4, 75,000 kw., built by the 
General Electric Co., was put into service in August, 1926. Unit 
No. 5, 90,000 kw., built by the General Electric Co., is under con- 
struction, and will be put into service in August, 1927. No. 6, 
100,000 kw., is on order with the Westinghouse Co., and will be in 

eration in the summer of 1928. Detailed descriptions of the 

tion have been given in various reports and printed articles, 
t is considered unnecessary for this discussion. 


High Steam Pressures in Locomotive Cylinders 


By LAWFORD H. FRY 


Ulurgical Engineer, Standard Steel Works Company, Burnham, Pa. 
A.S.M.E. 


Mem. 


[> THIS paper the author attempts an extended survey of the 

eficiencies obtainable with various steam pressures, and ex- 
amines the effect of the ratio of expansion on the efficiency. The 
‘ankine eyele, it is pointed out, does not offer a satisfactory basis 
ol comparison for locomotives; therefore a modification is suggested, 
kn wn throughout the paper as the “locomotive cycle,” and all 
calculations of the paper are based on this cycle. Changes in 
boilers to permit operation at high pressures and temperatures are 
disc issed, and it is pointed out that such a boiler would probably 
require some form of water-tube firebox. Detailed computations 
and comparisons of theoretical indicator diagrams are made, and 
the “locomotive cycle” is applied to various admission and release 
pressures. It is concluded that it is possible to secure a considerable 
increase in the thermal efficiency of the cylinders by increasing the 
boiler pressure. The use of three cylinders, one operating on high 
pressure and two on low, makes compounding a very simple matter, 
permitting the greatest return to be received from the high pres- 
sures. For the present. however, it is not felt to be expedient to 
use boiler pressures much in excess of 450 Ib. per sq. in. 


gage. 


The Study of Oil Sprays for Fuel-Injection Engines 
by Means of High-Speed Motion Pictures 


By EDWARD G. BEARDSLEY 


Junior Mechanical Engineer, National Advisory Committee for Aeronautics, Lang- 
ley Field, Va. 

A PPARATUS for recording photographically the start, growth, 
4“ and cut-off of oil sprays from injection valves has been de- 
veloped at the Laboratory of the National Advisory Committee 
for Aeronautics at Langley Field, Va. The apparatus consists of 
a high-tension transformer by means of which a bank of condensers 
is charged to a high voltage. The controlled discharge of these 
condensers in sequence, at a rate of several thousand per second, 
produces electric sparks of sufficient intensity to illuminate the mov- 
ing spray for photographing it. The sprays are injected from vari- 
ous types of valves into a chamber containing gases at pressures 
up to 600 Ib. per sq. in. 

Several series of pictures are shown. The results give the effects 
of injection pressure, chamber pressure, specific gravity of the fuel 
oil used, and injection-valve design, upon spray characteristics. 


High-Pressure Steam at Edgar Station 


By I. E. MOULTROP anv E. W. NORRIS 


Respectively Chief Engineer, Construction Bureau, Edison Illuminating Company 
of Boston, and Engineer, Mechanical Division, Stone and Webster, Inc. Members 
A.S.M.E. 


N THIS paper the authors describe the design of a generating 

plant for the Edison Electric Illuminating Company using steam 
at 1200 lb. This plant, known as the Edgar Station, was the first 
in the country to use pressures of this magnitude. The equipment 
of the original plant is described and operating difficulties and re- 
sults are discussed. An extension to the station is described and the 
results of experiences with the original plant as applied to the design 
of the extension are set forth. As in the case of the original in- 
stallation, the plant layout and equipment are described and operat- 
ing results given. The capacities of the boilers, turbines, and auxil- 
iaries are given. An interesting discussion of the possibilities of 
pressures above 1000 lb. is included, as well as of some of the 
problems likely to be encountered in high-pressure-service equ'p- 
ment. The inadequacy of existing data is also mentioned. A 
comparison of the space requirements of high- and low-pressure 
equipment closes the paper. 


Experimental Combustion Chambers Designed 
for High-Speed Diesel Engines 


By CARLTON KEMPER 


Junior Mechanical Engineer, National Advisory Committee for Aeronautics, Langley 
Field, Va. 


[ THIS paper the preliminary requirement of the high-speed 

fuel-injection engine problem is given, and analyses of the cycles 
used in this type of engine are included. There is also given a 
discussion of the effect of increasing speeds on the output of engines 
employing these cycles. The requirements of combustion chambers 
are set forth and results of experiments using three different types 
are given in the paper. The engine and testing apparatus are fully 
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described and illustrated. Curves showing the performance of 
the engine when equipped with each of the special types of chambers 
also are shown. 


Vibration of Frames of Electrical Machines 
By J. P. DENHARTOG 


Research Engineer, Westinghouse a & Manufacturing Co., East Pittsburgh, 
a. 

N CONNECTION with the attempts to reduce the noise of 

electrical machinery in general, and more especially of small 

motors for domestic use, it is of importance to be able to calculate 

the natural frequency of the component. It is shown that the 

frame, which usually emits a large portion of the total noise, can, 
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in may cases, be regarded as a part of a ring with rigid ends. Form- 
ulas and curves are given in the paper for the calculation of this 
fundamental frequency. The derivation of these formulas is 
given in an Appendix. 


Economics of Coal Carbonization in the 
United States 


By GEO. A. ORROK 


Consulting Engineer, New York, N. Y. 


Paper covers a review of the progress of carbonization in America, 
bringing it down to date. 
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cal Society, and belongs also to a number 


of clubs 


W. S. Conant 
is a consulting engi- 
neer of Washington, 
D. C., as well as a 
lieutenant-colonel in 
the Ordnance Re- 
Corps. He 
specializes on plans 


serve 


and specifications of 
electric 
plants; and has taken 


steam and 





out a number of 


mechanical patents, 
W. S. Conant including one for a 
system of air-humid- 
ity control. He was educated at St. Paul’s 
School at Concord, N. H., and the Lawrence- 
ville School in New Jersey, and received his 
degree of A.B. in 1890 and E.E. in 1892 from 
Princeton University. In 1917 he was com- 
missioned captain of the Ordnance Reserve 
Corps, and served as assistant to the officer 
in charge of shops and later as construction 
officer at the Springfield Armory in the manu- 
facture of service rifles. In 1918 he was 
made major, and in 1924 was promoted to 
the rank which he now holds. 





William States 
Lee is vice-president 
and chief engineer of 
the following com- 
Southern 
Power Co., Great 
Falls Power Co., 
Western Carolina 
Power Co., Wateree 
Power Co., Duke 
Power Co., Catawba 
Manufacturing and 


panies: 








Electric Power Co., 
Catawba Power Co., 
Duke-Price Power 
Co., Ltd., and the Quebec Development Co., 
Ltd. He is president and chief engineer of 


Wa. S. Ler 


the Piedmont and Northern Railway Co., 
and consulting engineer for the Chute-a- 
Caron Power Co., Ltd., Aluminum Co. of 
Canada, Ltd., and the Tallassee Power Co 
He is Trustee of the Duke Endowment, 
director of the American Cyanamid Co., 
inventor of the Lee pin, and a pioneer in 
high-tension hydroelectric power develop- 
ment and transmission. His offices are 
located in Charlotte, N. C., New York, N. Y. 
and Montreal, Canada. Mr. Lee _ holds 
membership in the A.S.M.E., A.S.C.E., 
Engineering Institute of Canada, and the 
North Carolina Society of New York, and 
is also a Fellow of the A.I.E.E. 


589 








H. M. Jacklin, 
assistant professor of 
automotive eng neer- 
ing at Ohio State 
University, is a grad- 
uate of the Michigan 
State College, East 
Lansing, Mich., from 
which school he re- 
ceived his bachelor’s 
degree in 1913 and 
his professional de- 
gree in 1919. He 
has been connected 
with the Novo En- 
gine Co., the University of Wisconsin, and 


H. M. JAcCKLIN 


the Oneida Motor Truck Co., and has been 
at Ohio State University since 1921. 


* * * * * 





L.C. Josephs, Jr., 
is in charge of engi- 
neering at the Mack 
Plant of the Inter- 
national Motor Co., 
Allentown, ras 
where trucks, buses, 
bodies, and various 





components are 
made. Since gradua- 
tion from Harvard 
in 1908, Mr. Josephs 
has been continu- 
ously connected with 
transportation work, 
principally in the manufacturing of equip- 
ment. After an apprenticeship at the 
Westinghouse Co. and a short period with 
the Pennsylvania Railroad, he served in the 
Electric Locomotive Department of the 
General Electric Co. at Schenectady until 
1917, when he left to join the Army. During 
the War he served in several capacities in 
the Army Engineers, finally in charge of 
engineering work on searchlights in the office 
of the Chief of Engineers. After the War 
he joined the engineering organization of 
Mack Trucks. 








ba &. JOSEPHS, JR. 


J. F. Lincoln 
is president of the 
Lincoln Electric Co., 
and director of the 
Reliance Trust Co. 
He was graduated 
from Ohio State Uni- 
versity in 1907 with 
the degree of E.E. 
From college ihe 
entered the employ 
of the Lincoln Elec- 
tric Co., and seven 
years later was pro- 
moted to the position 
of general manager. He has been very 
active in the development of both arc welding 
and the application of arc welding to manu- 


Bachrach 


J. F. Lincoun 
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facturing work, and is the inventor of the 
adjustable-speed motor of the shifting- 
armature type manufactured by the Re- 
liance Electric and Engineering Co., on which 
the amount of speed-range adjustment is 
unlimited. The system of bonding and 
track welding used by the Rail Welding & 
Bonding Co. is also his invention. 


Ray S. Quick 
was graduated from 
the University of 
California in 1916 
with the degree of 
B.S inE.E. 1In1919 
he received his M.S 
in E.E. from the 
University of Illinois 
following a research 
fellowship in the de- 
partment of electrical 





engineering at the 
Engineering Experi- 
ment Station of that 
institution. From October 1919 to the pres- 
ent date he has been connected with the Pel- 
ton Water Wheel Co., San Francisco, Cal. 
During the War Mr. Quick served as lieu- 
tenant in the Signal Corps of the U. S. Army. 


Ray S. Quick 


Arnold Pfau, con- 
sulting engineer of 
the hydraulic de- 
partment of the Allis- 
Chalmers Manufac- 
turing Co., Milwau- 
kee, was graduated 
from the Swiss Poly- 
technic of Zurich in 
1896. He designed 
hydraulic turbines for 
Escher-Wyss & Co., 
of Zurich, until 1900, 
when he became chief 
engineer of the hy- 
draulic department of Ruston & Co., Vienna. 





ARNOLD PFau 


In the spring of 1904 he was reémployed by 
Escher-Wyss & Co. to introduce turbines 
at the Allis-Chalmers Works in Canada and 
the U. S. A. Mr. Pfau is also the founder 
of the American Resistor Co., now the Amer- 
ican Resistor Corporation, Milwaukee, Wis. 
From 1905 to 1908 he was chief engineer of 
the hydraulic department of the Dixon 
Works of the Allis-Chalmers Co., at Scranton, 
Pa., and the Reliance Works at Milwaukee. 
Since 1908 Mr. Pfau has been a consulting 
engineer in the field of turbine design. 


* * * * * 


Frederick E. Searle, arthur of the paper 
entitled A Description of the Henry Ford 
Trade School, holds the position of superin- 
tendent of Ford Schools. 


MECHANICAL ENGINEERING 


Albert Sobey re- 
ceived his B.S. in 
mechanical and elec- 
trical engineering at 
the Michigan Agri- 
cultural College in 
1909, and during that 
year was employed 
by the Michigan 
Power Co. and the 
W. H. Zimmerman 
Co., Lansing, Mich. 








In 1910 he was placed 
ALBERT SoOBEY . 
in charge of the 
Chicago office of the 
Zimmerman Co. He held an instructorship 
in physics, electrical engineering, and mathe- 
matics at the Michigan College of Mines from 
1912 to 1918, and the following year served 
as assistant chief and chief of the Radio 
Service Division of the Military Intelligence 
Division of the U. S. A., holding the rank of 
captain and later that of major. Upon 
leaving the Army in 1919 he became director 
of education of the Industrial Mutual Asso- 
ciation, in charge of educational work for 
the allied factories of Flint 


* - * * * 


J. Hall Taylor, 
president of the 
American Spiral Pipe 
Works, Chicago, IIl., 
studied engineering 
at Lewis Institute, 
Chicago. In 1900 he 
organized the above 
company and later 
developed the 
method of forging 
seamless-steel boiler 





nozzles and _ pipe 
flanges. He has de- 
voted the last 27 
years to handling all of the engineering and 
development work of this firm. 


J. Hatt Tayior 


* * * * * 


E. O. Waters 
received his technical 
education at the 
Sheffield Scientific 
School of Yale Uni- 
versity from which 
he was graduated 
with the degree of 
M.E. in 1914. From 
1914 to 1918 he held 
the position of in- 
structor in machine 
design at his alma 
mater. During 1918 
he served in the office 
of the Chief Ordnance Officer, A. E. F., in 
connection with the construction and main- 
tenance of repair shops in France for ord- 
nance material. Since returning to Yale 
University in 1919, he has held the position 
of assistant professor of mechanical engineer- 





E. O. WaTers 
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Professor 
Waters has been a frequent contributor to 
the technical press. During the summer 


ing in charge of machine design. 


months he has spent considerable time in 
the engineering and test departments of the 
Winchester Repeating Arms Co., the Cin- 
cinnati Milling Machine Co., the General 
Electric Co., and various other concerns. 


* * * * * 


Charles P. Wood, 
engineer in charge of 
special investigations 
and reports with 
Lockwood, Greene & 
Co., Inc., New York, 
was graduated from 
Cornell University in 
1904 with the degrees 
of M.E. and E.E 
Until 1917 Mr. Wood 
was engaged in 





general operating, de- 
signing, and contract 


CHARLES P. Woop 


ing work in the South 
and the East on cotton-oil mills, steam and 
gas-power plants, brick and tile plants and 
by-product recovery plants. 

During the War he served with the 30th 
Engineers, A. E. F., later known as_ the 
First Gas Regiment. He was promoted from 
the rank of lieutenant to that of major and 
was awarded the Croix de Guerre by the 32nd 
Corps of the French Army. After the War 
he became special trade commissioner wit! 
the U. S. Department of Commerce, makin; 
a report on industrial machinery in Franc 
and Belgium. Since 1920 he has been ass 
ciated with Lockwood, Greene & Co. 

Mr. Wood is a member of the America: 
Institute of Electrical Engineers, the Society 
of American Military Engineers, Corn 
Society of Engineers, the New York Stat: 
Society of Professional Engineers, Military 
Order of Foreign Wars, the American Legion, 
and the Sons of the American Revolutio: 
He belongs also to a number of clubs 


Joseph K. Wood 
received his enginect 
ing education 
Cooper Institute of 
Technology. As a 
consulting engineer 
on spring design and 
engineering mate- 
rials, Mr. Wood has 
been engaged by both 
the Westinghouse 
Electric & Manufac- 
turing Co. and the 
Western Electric Co. 
Mr. Wood served as 
an officer in engineering service during the 
War. In 1923 he was appointed chairman 
of the A.S.M.E. Special Research Committee 
on Spring Design. 








J. K. Woop 
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